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PREFACE

The five papers presented in this volume report on the results of heavy-mineral inves-
tigations in the inner continental shelf of Virginia. The investigations were conducted by the
Virginia Division of Mineral Resources (VDlvR) and the Virginia Institute of Marine
Science (VIMS) for the period January, 1985 ttrrough December, 1989. The investigations
were accomplished in cooperation with the U.S. Department of Interior, Minerals Manage-
ment Service (MMS) who provided partial funding for the proJects.

The cooperative efforts of VDMR/VIMS and MMS was accomplished through the
Association of American State Geologists (AASG). Through a cooperative agreement
between theContinentalMargins Committeeof theAASG andparticipating stategeological
surveys, the states have conducted investigations related to petroleum resources and/or
strategic/critical mineral resources. The program is coordinated by the Texas Bureau of
Economic Geology, The University of Texas at Austin by subagreements with each of the
pafiicipating states.

TheContinental MarginsProgram has given the states theopportunity to study resources
in their coastal areas, both onshore and in the nearshore and offshore areas. The investiga-
tions reported on in this volume represents the research conducted for Years 2, 3, and 5 of
the cooperative agreement under agreemenfs 14-12-0001-30115,14-12-0001-30296, and
l4-12-0001-30387.
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ABSTRACT

Side-scan sonography of the innermost continental shelf
between Cape Henry and the Virginia-North Carolina border
depicts a relatively typical inner shelfbottom generally char-
acterized by medium density, meso-scale roughness. Sub-
bottom acoustic protiles depict the stratigraphy as a Tertiary-
age basement separated from Quatemary-age deposits by a
regional, angular(?) unconformity. Holocene-age sediments
form a discontinuous layer above another unconformity. The
area's topography appears to be a function of the presence of
the modern sediments.

INTRODUCTION

We collected approximately 5 34 km (27 6 n mi) of acous-
tic-survey line over the innermost. continental shelf between
the mouth of Chesapeake Bay and the Virginia-North Caro-
lina boundary during July and August 1987 (Figure 1). This

paper presents a discussion of a portion of the sub-bottom
profiles as well as a qualitative report on the side-scan sonogra-
phy obtained during that survey. Additionally, the paper
includes a discussion of the occurrence of heavy minerals in
relation to seismic stratigraphy.

The field work was a collaborative effort of two projecs:
one a joint Virginia Institute of Marine Science (VIMS) and
VirginiaDivision of MineralResources (VDMR) study of the
disnibution of heavy minerals (Berquist and Hobbs, 1986,
1988a, 1988b), the orher, a study by VIMS for the City of
Virginia Beach of offshore reserves of sand potentially avail-
able for nourishment of the city's public beaches (Kimball
and Dame, 1989). As part of the overall combined study, we
also collected approximately two dozen vibracores across the
survey area (Figure 1).

The area of geophysical investigation generally is in-
shore of that discussed by Shideler and others (1972) and
Swift and others (1977) but does include the shoreface ridge
system atFalse Cape (Swiftand others, 1972). The shallow,
sub-bottom profiles presented in this study add shallow detail

t Virginia Institute of Marine Science, School of Marine Science, College of William and Mary, Gloucester Point, Virginia
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to, and confirm, the earlier interpretations. Additionally, the
present work provides a shoreward extension of the existing
data'.

As well as the work of Swift and orhers (19'lZ,1977),
Shideler and others (1912), and Kimball and Dame (1989),
there have been several other studies of the submarine geol-
ogy of the area. Meisburger (I97 2) reprtd,on the sediments
and geomorphology in the immediate vicinity of the entrance
of Chesapeake Bay. Hobbs and orhers (1934) and Kimball
and others (1989) discussed resources of sand within ttre
southernmost portion of Chesapeake Bay. Berquist (1986),
Hobbs and otlers (1986), Colman and Hobbs (1987), and
Colman and others (1988) refined the understanding of the
geology of thebay mouth. Williams (1987) presenred seismic
andcore datafor the areaadjacent !o, and northeastof, thearea
of thispresent study. Bowen and Swean (1985) presenteddata
on the subsurface of a portion of the area associated with the
Cape Henry navigation channel.

Tenestrial studies beginning with Oaks andCoch (1973),
proceeding through the various works ofJohnson and others
(1982, 1985), and summarizedby Peebles (1934) provide
furttrer background data ttrat can be extended offshore to
enhance the interpretations.

GEOPHYSICAL SURVEYS

The surveys were performed from the VIMS's RA/ Bay
Eagle using a Datasonics SBP-5000 sub-bottom prohling
system and an EG&G SMS -960 side-scan sonar system. (The
use of trade names is for descriptive purposes only and does
not imply endorsement of the products by either agency.) The
primary navigation system was the ship's loran-c supple-
mented, at times, by a locally configured Del Norte system.
Location fixes were recorded at frve minute intervals except
in some areas off Sandbridge and Rudee Inlet where the
interval was two minutes. The sub-bottom survey was de-
signed in two phases, one before and the other after coring.
This was done in order to provide guidance for placement of
the cores and then to derive the maximum information in those
arcas suggested by preliminary interpretation of the combined
core and early seismic data.

The sub-bottom profiling system consisted of a Datason-
ics SBT-220 transceiver, a TTV-120 Fansducer vehicle, and
either or both an EPC-3200 or EPC-4800 graphics recorder.
The transceiver-transducer system is a dual frequency ar-
rangement with one frequency selectable at 3.5, 5, or 7 kHz,
the other preset at 200 kHz. Most of the profiling was done
using arecorder sweep rate of one-eighth of a second ( 125 ms)
yielding a potential full-scale record of approximately 90 m,
assuming an acoustic velocity of 1500 ms-l; the actual record
seldom exceeded 30 m. Most of ttre profiles were recorded si-
multaneously on the two graphics recorders.

The near planimetrically correct sonographs were re-
corded in real time on electrostatic paper. The data were not
recorded on magnetic media. The sea-floor mapping system
uses a 105 kHz EG&G Model 212 tow frsh. Sea-floor
mapping was done at a 100 m half width (200 m full swath).

Side-scan sonography provides a suite of information
concerning the character of the bottom surface. By graphi-

cally depicting the return strength of a "fan-shaped", acoustic
signal ransmitted perpendicular to the ship's track, the sonogra-
phsprovide ageneral indication ofthe condition ofthe bottom
(Williams, I 9 82 ; Duane, 1 9 87; Duane and Stubblefield, I 988).
The system relies more upon energy reflected by grain faces
(backscattered) than directly reflected from thebroad surface
of the sea floor. A strong (return) signal suggests a relatively
hard, coarse-grained bottom and a weak signal suggests a
softer, finer-grained, muddy bottom (Hobbs, 1986; Wright
and otlers, 1987). The sonographs also depict large-scale
elements of bottom roughness: bedforms, as a function of
variations in backscattered and reflected energy; and the
occurrence of acoustic shadow zones caused by topographic
highs. Side-scan sonographs also depict man-made bottom
features and artifacts. The side-scan survey was a reconnais-
sance survey, a secondary objective to be run coincidentally
with the sub-bottom profiling and not as a site specific,
detailed study; thus ttre rack lines were not spaced to allow
overlapping (really side-lapping) images. Thus it usually is
not possible to trace specific features from track line to track
line; it is possible, however, to correlate or trace trends or
groups offeatures.

Analysis of the sonographs is qualitative and subjective.
The analyst sketches observations and interpretations of the
images recorded on the sonographs onto a basemap contain-
ing the track lines and navigation fixes. The analyst looks for
correlation of features and observations on adjacent and
crossing lines as well as for broader patterns or trends. The
end products are an interpretative map of the bottom and a
discussion of general and, where possible, specific elements
depicted by the imagery. Although quantitative analysis of
some aspects, for example, height of some features above a
level sea floor, is possible, it neither was seen as necessary nor
undertaken for tlis project. No attempt was made to estimate
the sediment type as suggested by the sonographs on a broad
areal basis.

The cores were taken wittr a 9 cm (3.5 in) inside diameter
Vibracorer operated from ttre RA/ Atlantic Twin. The maxi-
mum length of tle cores is 6.1 m (20 ft); although in some
instances it was possible !o approach that maximum only by
jetting and obtaining multiple sections. In the laboratory, the
split cores were analyzed only as to gross lithology (Berquist
and Hobbs, 1988b).

RESULTS AND DISCUSSION

Side-scan sonography: Side-scan sonography is of inter-
est in two aspects of the study of offshore heavy-minerals.
Knowledge of the bottom grain-size characteristics and pres-
ence or absence of bedforms can provide information con-
cerning the occurrence of heavy minerals. The minerals
might be concentrated in sediments of a particular texture or
the processes that created and maintain the bedforms might be
responsible for concentrating particular suites of minerals.
Knowledge of bedforms as indicators of a potentially active
bottom would be important to those parties concerned with
dredging or otherwise working the bottom should heavy
minerals of economic interest be present. Additionally,
should there be evidence of use of the bottom by man, it would
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have to be considered in any plans for dredging or mining.
Figures 2 and 3 areinterpretive skerch maps depicting the

features on the sonographs of the study area. Because ol the
greater line-density in ttre northern portion of the area (Figure
2) and the generally subjective nature of the analysis,it is
difficult to assess the differences between the two regions. It
appears that there may be a greater density of bottom features
in the northern portion of tle area, and definitely a greater
number of anthropogenic features. Paramount among these is
an elongate area of drag marks (Figure 4). If these are drags
caused by commercial fishing gear, this would be a strong
indication of a relatively intense use of the bottom, which in
turn might necessitate an assessment of both the area's ben-
thic resources and the potential impacts of dredging on other
uses of the area. Alternatively the drag marks could result
from anchor drags indicating another use of the bottom.

Throughout the study area tlere are rhythmic, light to
dark changes in the base tone of the sonographs. These
alternations are related to the bottom topography and might
indicate changes in grain size or packing across tlre ridges.
Generally the darkerareas are associated with ttre sides of the
troughs or between-ridge swales. The tonal variations proba-
bly are actual evidence of changes in the sediment and are not
artifacts of ttre sea-floor mapping system as it operates over a
nonplanar bottom (S. Kimball, oral communication, 1989; D.
Swift, oral communication, 1989).

Whether or not the apparent decrease in bottom features
toward the south is real, a function of the less closely spaced
track lines, or variation in the analyst's interpretations, or a
combination of the three is difficult to assess. If this is a real
phenomenon, it probably is the result of increasing distance
from the mouttr of Chesapeake Bay and its more dynamic
current regime (Ludwick, 1978).

The study area fits into Wrighr and other's (1987) classi-
fication as Inner Shelf Shoreface (Iype Ia) or Inner Shelf
Ridge Field (Type Ib) bottom types. The type section for the
Inner Shelf Shoreface environment is adjacent to Dam Neck,
Virginia and is within ttre present study area. Both the
shoreface and ridge field environments are characterized by:
low biogenic roughness at any scale, the presence of small-
scale (heights 1 to 10 cm, wavelengths I to 50 cm) wave- and
current-induced roughness, and usually, the presence of meso-
scale (heights of 0.1 to 2.0 m, wavelengths of 0.5 to 50 m),
current-induced roughness.

Sub-bottom nrofiles: This paper is concemed primarily
witi the sub-bottom prohles in the southern third of the study
area (Figure l). The remaining portions being the subjects of
other studies (Williams, 1987; Kimball and Dame, 1989).
Part of this area was discussed by Swift and others (1972,
1977), Shideler and others (1972), and others, whose dara and
interpretations are significant to the understanding of the
historical geology of the area.

consistent with the interpretation of Shideler and others
(1972) and ensuing papers, there are three or four major
(acoustic) units separated by two or three unconformities.
The lowest, unit (unit A) was considered to be of Miocene age
in the 1972 work and is most probably the same as the
Pliocene-age nearshore, marine deposits discussed by Col-
man and others (1988). Some of the later Tertiary-age
deposis have been reassigned from Miocene to pliocene on

the basis of new data obtained since the publication of ttre
earlier work. This widespread unit, the Yorktown and/or the
Chowan River Formations, constitutes local "basement".
Cores 32 and 34 (Berquist and Hobbs, 1988b) appear to
penetrat€ unit A, which is discernable by a substantially
higherproportion of silt,53 percent in core 32,26prcentn
core 34, than the overlying units wherein the silt usually
accounts for less than 20 percent. and frequently less than l0
percent of the sediment.

Unit A is separated from the next younger unit by
refleclor I , an easily Eaceable, wide-spread, regional reflector
(Figure 5). Although Shideler and others (1972) and Colman
and Hobbs (1987) agree that reflector 1 represents an ero-
sional surface, ttrey differas o the age of that surface. Colman
and Hobbs (1987) suggest a late Wisconsin age but a$ee rhat
it could be as old as late Pliocene. Within the present study
area, reflector I ranges from 12 to 20 m below sea level and
generally dips gently to the southeast (Figure 5).

Local relief within the study area on reflector I is low.
One of the few anomalies in reflector I is in the southwestern-
most corner of the study area (the ends of lines 39 and 40,
Figures 1 and 6) where a portion of a filled channel is visible.
Although there is insufficientevidence to demonstrate whether
this channel is a Pleistocene-age feature or the filled remnant
of the Holocene-age Currituck Inlet channel, the magnitude of
the channel and the apparentabsenceofunit D (seediscussion
below) suggests the older.

Unit B occurs immediately above refl ector l and, accord-
ing to Shideler and others (1972),is separated from unit C by
reflector 2. In ttre present work, reflector 2 is not widely
identifiable thus separation of units B and C is not always
possible. The differentiation is more easily seen in the area
just north of the present study (J.K. Dame, personal commu-
nication). Reflector 2 and unit C are suggested in at least some
of the present study's profiles. Shideler and others (1972)
refer to the discontinuous character of unit C, in which
circumstance reflector 3 is the upper boundary of unit B.

According to Shideler and others (1972), refleclor 2 is
the basal boundary of unit C. In the western portion of ttreir
study area, which would embrace the study area of the present
reporL reflector 2 "appears !o be truncated by overlying re-
flector 3." They also describe unit C as pinching out in the
western portion of the study area. Thus differentiation of units
B and C in the areas closer to shore is problematical. Shideler
and others (1972) tentatively correlated unit B with Oak's
(1964) Great Bridge Formation - Sandbridge Formation se-
quence. More recent work (Johnson and otlers, 1982, 1985)
indicates ttrat ttrese two formations now would be mapped as
the Pleistmene-age Shirley and Tabb formations. This would
indicate that unit B is a pre-Wisconsin-to early Wisconsin-
age series of deposits. Johnson and others (1982, 1985)
describe these formations as ranging from fluvial to shallow
marine, sfrand complexes.

Shideler and other's (1972) unit D is represenred in the
present study area. Unit D overlies reflector 2, or where
present, reflector 3, is discontinuous, and consists ofrecent
sea-floor sediments. Shideler and others (1972) document a
t4C date of approximately 4220 years BP (Figure 5) for unit
D. This unit apparently has formed or is forming, during the
ongoing transgression. Much of the present variation in sea-
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Figure 4. A portion of a side-scan sonograph depicting "drag marks."

Figure 5. A contour map on reflector 1, the upper surface of
unit A. This represents the top of Tertiary deposits. 1aC dates

are from Shideler and others (1972).

floor topognphy, such as tlte False Cape Ridge System (Swift
and others, 1972),reflects the disribution of this unit. The
intermittent character of unit C is evident in ttre sub-bottom
profiles (Figures 6 and 7).

Heavy minerals: The sediments in the neanhore area of
southern Virginia Beach are not as abundant in total heavy
minerals or in the titanium-bearing minerals as the sediments
in the area north of the mouth of Chesapeake Bay (Berquist
and Hobbs, 1988b). This mineralogical difference indicates
that the area south of ttre bay's mouth may have a different
source areathan the northern areaand that thepresent andpast
deep baymouth channels (Colman and Hobbs, 1987; Colman
and otlers, 1988) may be an effective barrier for nearshore
transportation. For a fqther discussion of regional minera-
logical differences see Ozalpasan (1989) and Calliari and
others (1990). TheFalseCapesuiteofheavy minerals appears

to be more abundant in zircon and monazite @erquist and
Hobbs, 1988b, cores 26,29,and32) than other areas although
the total concenFations are relatively low. The highest
concenfiation of zircon and monazite occur in the cores taken
at sites where unit D is thin or absent, indicating that the
minerals occur either as a lag in the troughs between ridges or
in older deposis, such as units B or C.

6



Figure 4. A portion of a side-scan sonograph depicting "drag marks."

Figure 5. A contour map on reflector l, the upper surface of
unitA. This represents the top of Tertiary deposic. 14C dates

are from Shideler and others (1972).

floor topography, such as the False Cape Ridge System (Swift
and others, 1972), reflects the disribution of this unit. The
intermittent character of unit C is evident in the sub-bottom
prof,rles @gures 6 and 7).

Heavy minerals: The sediments in the nearshore area of
southern Virginia Beach are not as abundant in total heavy
minerals or in the titanium-bearing minerals as the sediments
in the area north of the mouth of Chesapeake Bay (Berquist
and Hobbs, 1988b). This mineralogical difference indicates
that the area south of the bay's mouth may have a different
source area than $e northern area and that the present and past

deep baymouth channels (Colman and Hobbs, 1987; Colman
and others, 1988) may be an effective barrier for nearshore
transportation. For a further discussion of regional minera-
logical differences see Ozalpasan (1989) and Calliari and
others (1990). TheFalseCapesuiteof heavy minerals appears

to be more abundant in zircon and monazite @erquist and
Hobbs, I 988b, cores 2 6, 29, and 32) than other areas although
the total concentrations are relatively low. The highest
concentration of zircon and monazite occur in the cores taken
at sites where unit D is thin or absent, indicating that the

minerals occur either as a lag in the troughs between ridges or
in older deposits, such as units B or C.
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S wift and others ( I 972), in discussing the shoreface ridge
system at False Cape, described a complex relationship be-
tween grain sizeandbottom topography. They describedthe
crests as generally covered with fine- to medium-grained
sand, theflanksandthemarginsof some troughs as flooredby
fine- to very-fine-grained sand, and the axes of the troughs as
floored with pebbly, medium- !o coarse-grains sands. They
surmised that the coarser sediments formed a thin, discontinu-
ous layer over an older substrate. This is consistent with the
interpretation of later studies (Shideler and others, 1972;
Swift and others, I 977) that ttre topography is a function of the
presence ofan active, recent, discontinuous deposit, unit D.
This spatial variation in sediment type is reflected in the tonal
variations on the side-scan sonographs as discussed above. 

!

Samples of sediment from the most recent set of cores
(Berquist and Hobbs, 1988b; Kimball and Dame, 1989)
indicate that the sediments of the ridge system, and by analogy
with unit D, are somewhat coarser than the sedimens of units
B or C. The uppermost sediment samples in cores 31, 34, and
36, which were taken at or near the crests of the ridges, have
mean grain sizes of 1.56,1.7, and 1.1 phi, respectively. By
contrast, sediments from units B or C generally have mean
grain sizes between 2 and 3 phi, although there are some,
usually thin, lenses of coarser material. As noted above,
sediments of unitA have agreatly increasedproportion of silt.

CONCLUSIONS

S ide-scan sonography of the inner continental shelf adja-
cent to Virginia Beach, Virginia, between the mouth of
Chesapeake Bay and the Virginia-North Carolina border in-
dicates that ttre bottom meets the criteria of an inner shelf -
shoreface or an inner shelf - ridge field when classified by
roughness characteristics (Wright and others, 1987). The
present study area includes the type area for the inner shelf -
shoreface classification. The sonographs also depict a region
containing what are interpreted as "drag marks", that, if cor-
rectly interpreted, would be indicative of at least a moderate
scale, bottom-fishing industry,

Sub-bottom profiles of the southern third of theareadem-
onstrate a shoreward extension of t}te acoustic geology de-
scribed by Shideler and others (1912) and Swift and orhers
(1972, 1977) who worked in the immediate seaward and
adjacent areas. Their interpretations proposed a Tertiary-age
@liocene) "basement", unit A, separated from the overlying
Quatemary-age deposits by a sEong, regional (angular?)
unconformity, reflector 1.

The next younger stratum, unit B, is a Pleistocene-age
deposit, separated from still younger deposits by another
unconformity. In the northern and eastern portion of the study
area, there is another Pleistocene-age deposit, unit C, that is
absent to the west and south. The uppermost stratigraphic
layer, unit D, is separated from the older units by an uncon-
formity, reflec[or 3, and is discontinuous. Three of the units
appear to have a characteristic sediment type: A having a high
silt content, B usually consisting of fine sands wittr some silt,
and D generally being the coarsest unit. There are insufficient
data !o characterize unit C.

The heavy-mineral suite of the area is dissimilar to that

north of Chesapeake Bay. The assemblage here is richer in
zircon whereas the northern area has more ilmenite.
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ABSTRACT

Supplies of placer heavy minerals, such as ilmenite,
rutile, zircon, and monazite, are anticipated to be in short
supply by early in the next century. The depletion of conven-
tional onshore deposits coupled with the declaration of the
Exclusive Economic Zone in 1983 have provided the impetus
to assess the resource potential of heavy-mineral concentra-
tionsinU.S. Continental Shelf sediments as future sourcesfor
tlese mineral commodities.

Mineralogically imprecise assessments of placer resources
result from analyses of concentrates derived from small-
volume samples because of the particle-sparsity effect. The
overall low grade of heavy minerals in Atlantic Continental
Shelf sediments require the analysis of mineral concentrates
from large volumes of bulk sample.

A setofprocedures to extractand analyze heavy minerals
from large-volume samples is presented. These procedures
were designed for general application to reconnaissance sur-
veys; the Virginia study is given as an example. Resulting
data are appropriate for both basic research needs and foi
industry's requirements for information on offshore mineral
grades and distribution.

The recovery of heavy minerals was a two-stage process
using amodified spiral concentrator followed by heavy-liquid
separation procedwes. The mineral concentrate derived fiom
heavy-liquid separation was magnetically fractionated to
reduce the number of mineral species so that mineral identi-
fication and quantification could be facilitated. Reflected and
transmitted light microscopes were used for mineral identifi-
cation and quantification. The overall heavy-mineral compo-
sition of samples was determined by combining the percent-
ages of heavy-mineral species distributed across the magnetic
fractions by use of a computerized database.

BACKGROUND

The United States is dependent on imports from Austra-
lia, South Africa, and a number of other countries for about 80
percent of its ilmenite, about 60 percent of irs rutile, and
virtually all its zircon and monazite (Lynd, 1985). These
minerals are commonly mined from heavy-mineral deposits
that are subaerially exposed in modern and ancient beach-
complex sediments (including beach, dune, inlet, washover
fan, and barrier environments). A global-class beach-com-
plex placer deposit of the titanium minerals ilmenite, altered
ilmenite, and rutile (including monazite, zircon, and ottren)
may be up to tens of kilometers in length, up to 2 km in width,
and l0 or more m in thickness. Ore grades are variable,
averaging 3 to 6 percent total heavy minerals, which typically
has about a 50 percent economically valuable (ilmenite,
altered ilmenite, rutile, zircon, and monazite) component.

Uses for heavy minerals and the elements they contain
are being developed at a fasterrate than new deposits arebeing
discovered, and, consequently, it is not known how demand
will continue to be met at current costs (Fantel and others,
1986; Shepherd, 1986). According !o Fanrel and orhers
(1986), the production of rutile concentrares will likely de-
cline significantly after 2000 as many mines, particularly

those in Ausnalia, deplete their demonstrated reserves. They
concluded that within the coming decade, tiere could be a
shortage of high-grade, low-cost rutile. Inactive mines that
could come into production might act as a temporary replace-
ment source for a limited time, but this would be at substan-
tially higher costs. Production of rutile might be maintained
longer if new resources were found at operating mine sites or
if infened reserves became demonstrated. Because of limited
rutile availability over the long term, the production of syn-
thetic rutile from ilmenite deposits is seen as the likely source
for future high-grade titanium concentrates.

In many chemical plants, where about 95 percent of the
world's annual production of titanium minerals is used for
pigment manufacturing (Lynd, 1985), borh synttretic rutile
and high-titanium slags are suitable alternatives to rutile.
Because placer reserves are being depleted and the demand is
high, the titanium industry is in a state of flux and could use
any of the following sources of TiO,: lateritic anatase from
Brazil,eclogitic rutile from Italy, high--TiQ slag from Canada
and South Africa, fine-grained placers froni Western Tennes-
see, perovskite from Colorado, synthetic rutile from mag-
matic ilmenites, and offshore placers.

The declaration of the U.S. Exclusive Economic Zone
@EZ) in 1983 provided an impetus to define rhe mineral
resources contained wittrin ocean-floor sediments and rocks.
The declaration amplified the potential importance of placer
deposits of heavy minerals in continental shelf sediments as
future sources for strategic and critical mineral commodities.

The Atlantic Continental Shelf (ACS) of the United
States has an area of about 3.9 x 1011 m2 and contains an
estimated 8.3 x 1011 m3 of sand and gravel, assuming a 5-m
average thickness (U.S. Department of the Interior, 1979).
Most sand and gravel deposits, however, are 10 m or more
thick. Heavy-mineral sand of variable composition and grade
on the ACS is estimated to have a volume of about 1.3 x 10e

m3, which is 0.16 percent of the estimated sand and gravel
volume. Recent studies by Grosz (1987), however, showed
that this value may be underestimated.

Until recently, publishedreports on the economic impor-
tance of derital heavy-mineral concentrations within sedi-
ments of the ACS were often speculative and provided inade-
quate data for a rigorous assessment of resources. In most of
the literature heavy-mineral data is only used to clarify geo-
logic or stratigraphic problems. The analyses commonly
discuss "opaques" as a component forming 20 to 60 percent of
the heavy-mineral assemblage. Because most of the heavy
minerals of economic value are opaque (ilmenite, altered
ilmenite, and frequently rutile), an assessment of the eco-
nomic potential on this previously published literature cannot
be mineralogically precise. Another factor that precludes the
usefulness of most published heavy-mineral analyses for re-
source estimation is the bias caused by analysis of a narrow
size-fraction (commonly a 2-to 3-phi, 0.250-to 0.125-mm,
size interval) that commonly contains comparatively high
heavy-mineral values, and reporting those elevated values as
represent"ative of the heavy-mineral grades (Arthur and oth-
en, 1986). A few published studies on the economic aspects
of heavy minerals in ACS sediments are known (Drucker,
1983; Goodwin andThomas, 1973),butinconsistencieswithin
tlese reports limit their usefulness. None of the data from
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offshore industrial exploration progmms on the ACS have
been published.

A larger effort is being undertaken jointly by the U.S.
Geological Survey (USGS), the Atlantic coastal state geo-
logical surveys, the universities, and industry to assess the
hard-mineral resources potential (including sand, gravel, phos-
phate, andheavy minerals) of the ACS. TheVirginiaDivision
of Mineral Resources and the Virginia Institute of Marine
Science (VIMS) of the College of William and Mary collected
and analyzed vibracore and grab samples from 1986 (Berquist
and Hobbs, 1986) ttrough 1988 (Berquist and Hobbs, 1988a,
1988b) on the inner ACS (<40-m isobath) offshore of Vir-
ginia.

The studies were initiated in response to high values of
heavy-mineral concentrations reported by Nichols (1972),
Goodwin andThomas ( 1973), and Grosz andEscowirz (1983).
Additional samples from the mouth of the Chesapeake Bay
area were made available when the USGS acquired approxi-
mately 1300 vibracores from the U.S. Army Corps of Engi-
neers. In addition, about 23,000 km of high-resolution seis-
mic reflection profiles were acquired from the Corps of Engi-
neers on the inner ACS from Maine to Florida. These cores
and profiles were originally collected to identify potential
borrow areas forbeach nourishment and reclamation projects.
From this collection, 36 vibracores were used in addition to
the 77 vibracores and 106 grab samples that were collected
and analyzed for the study detailed in other sections of this
publication.

SAMPLE PREPARATION

RATIONALE

The rationale for the sample processing scheme pre-
sented here is based on a number of factors, some are specific
to the samples obtained from the Corps of Engineers, and
others are specific to the objective of characterization of the
resource potential of a large area in a timely manner. The
methods and procedures used here were designed to insure
uniformity of resultant databases produced by all users of core
samples, to offset particle-sparsity biases, to produce rapid
reconnaissance-level information without sacrihcing ttre detail
necessary for follow-up detailed studies, and to provide
economic geologic information for industry.

The type and the size of the sample to be used for mineral
separation depends largely on the analytical goals of the
study. Heavy minerals commonly constitute less than I
percent by weight of sediments; therefore, it may take a
sample of up !o several tens of kilograms, depending on the
amount of heavy-mineral concentrate needed. Preliminary
microscopic examination to determine the approximate heavy-
mineral percentage and to establish the approximate grain
sizes of the minerals will help in establishing the appropriale
procedures for maximizing the efficiency of mineral recov-
ery. The end-product of separation processes in terms of mass
of sample required for complete analysis is a function of the
types of analyses anticipated (textural, mineralogic, wet chemi-
cal, geophysical, microprobe, X-ray fluorescence, and so
forth) and t}re accuracy being sought from each analytical

procedure.
The heavy-mineral processing scheme for the analysis of

samples from the ACS (specifically for the samples contained
within the Corps of Engineers vibracores) was designed to be
flexible enough to accomodate a variety of current and antici-
pated analytical needs and to actas a guidefor studies on otier
continen[al shelves where grades and compositions ofheavy-
mineral assemblages differ from those found in ACS sedi-
ments. The principal objective is to assemble a regional re-
connaissance database that shall show grades, compositions,
and areaVvertical disribution patterns of heavy minerals in
ACS sediments. Studies of the economic geology of surficial
sediments based on grab samples (Grosz and Escowitz, 1983;
Grosz and otiers, 1986; Grosz and Nelson, 1989) show high
regional and local variability; studies of vibracore samples
also show high variability in grade and composition with
depth in the sedimentary column (Grosz and others, 1989a,
1989b). In the past, most of the advances in laboratory-scale
detrital mineral separation and identification have been made
by sedimentary petrologiss who sought to resolve stratigra-
phic and sedimentologic problems. For these purposes, rela-
tively small amounts (usually on the order of tens of grams)
of bulk sample were considered appropriate. Because the
initial sample size was small and most studies sought. to
analyze a narrow size fraction (usually the2-to 3-phi,0.250-
to 0.125-mm, less often the 3- to 4-phi,0.125 to 0.0625-mm,
size interval as well) fortheirheavy-mineral content,particle-
sparsity biases (Clifton and others, 1969) precluded an accu-
rate characterization of the full heavy-mineral assemblage
present in sediment samples. Methods of separation utilized
in such studies relied on initial screening lo isolate the size
fraction of interest and subsequently processing the recovered
size fraction by sink-float methods (generally by use of bro-
moform having a specific gravity of 2.85) to recover the
heavy-mineral component. Volume percenrages of individ-
ual mineral species were then determined by mettrods utiliz-
ing 300 to 500 poinrcounted grains from slide mounts. This
(and modifications of this) method appears to have worked
satisfactorily for the resolution of stratigraphic and sedimen-
tologic problems; however, the problems confronting the
economic geologist in assessing the resource potential of
heavy-mineral concentrations in continental shelf sediments
necessitated a series of modifications in sample processing
and analytical methods.

The freshly collected vibracores contain wet sediment in
which the sedimentary structures are usually retained intactor
are only slightly disturbed. During the l0- to 20-year period
over which the Corps of Engineers' vibracores were proc-
essed for information, stored first at Fort Belvoir, Virginia,
then shipped to the Univenity of Texas at Arlington for
storage, and finally shipped to the USGS in Virginia, they
have dried completely. The dry nature of the contained sedi
menB, the repeated shipping, and the removal of samples
either by splitting the cores lengthwise or by drilling through
the core liner, have, in many instances, disrupted the vibra-
cores to the extent where sedimentarv structures are not
recognizable. Furthermore, most of the sediment contained
within these vibracores is unconsolidated sand. These char-
acteristics made the vibracores of little use to small-scale
studies of sedimentary textures and mineral distribution pat-
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terns. However, because of the large volumes of sediment in
these vibracores, infrequently occurring heavy-mineral spe-
cies within the heavy-mineral assemblages were identified.
Although large-volume samples for these studies are consid-
ered to be critically important, particularly in reconnaissance
phases, retention of intactportions of fresh (wet) vibracores is
equally important.

The sample processing and analysis procedurediscussed
in the following sections is shown schematically in Figure 1.
Processing of vibracore samplesbegins with lengthwise split-
ting of the plastic core liner (7.6- tD 10.2-cm inner diameteq
0.64-cm wall thickness) either by use of a router (Figu re 2) or
by other suitable mea.ns, such as a static blade cutter (Figure
3). Care should be taken not to introduce plastic shards into
the sediment because they are soluble in the heavy liquids
used and in acetone. The top half of the split core is removed,
and the bottom half is scraped clean by using a spatula to
expose a flat surface for examination. Sedimentary struc-
tures, color (if wet), texture, composition, andfaunaarenoted.
The opened core is photographed (Figure 4) in 30-cm incre-
ments that have approximately 3+m overlaps between se-
quential photographs.

Samples from the vibracores were selected on the basis of
textural criteria; from vibracores that have one sedimentary
texture, they averaged about 1.5 m in length, and, from those
that have more than one sedimentary texture, they varied in
length. After removal of materials used in age dating (shells
and peat), the sediment was weighed. All vibracores used in
this snrdy were channel sampled along the length of each
sample; 300 to 500 g of bulk sediment were removed for
archival and grain-size analysis purposes. The balance of the
sediment from the Corps of Engineers' vibracores was proc-
essed for heavy-mineral content as described in following
sections. Half of each core collectedbetween 1986 and 1988
was processed for heavy minerals, and the other half was
archived.

Because the cores ranged up to 6.5 m in length, sample
identification numbers consisted of ttre unique core number
followed by "-1","-2", and so forth, where "-1" refers to the
sample from the upper portion of the core (ttrat is, from the
water-sediment interface to some specified depth), "-2" refers
to the next interval down, and so on to account for the entire
lengttr of the core. Each sample was placed in a 20-literplastic
bucket to determine the net sediment weight on a dry basis.
For wet sediments, the dry-weight was based on weighing,
drying, and reweighing 50 to 10- to l0Gg aliquots of homoge-
nized sediment All weight calculations referred to in this
report are on a dry-weight basis.

SAMPLE CONCENTRATION

Dividing the vibracores into discrete samples yielded an
average of about 7 kg of sediment and ranged from I to 20 kg.
To determine the gravel fraction, the sample was wet-sieved
through a l0-mesh (2.00-mm opening) U.S. Standard stain-
less steel sieve. An undetermined, but generally small,
amount of predominantly clay- and a lesser amount of silt-
sized material was lost from tie samples during this proce-
dure. Modifications to the process can be made to recover

these fine-grained fractions if future studies require their
analysis. The mass of sediment available for the recovery of
heavy minerals afterthis step averaged4.9 kg andranged from
0.8 to 19.7 kg.

Efficiency and consistency of heavy-mineral recovery,
ease of operation, clean-up time between sample runs, and
costresulted in the selection of a Humphreys three-turn spiral
concentrator with molded rubber lining (Figure 5) for precon-
centration. The selection of this equipment does not imply
that others would not have performed satisfactorily. The
sediments obtained from the vibracores (predominantly sand)
made the spiral concentrator best suited for the task.

The operation of the spiral concentrator requires a con-
stant water flow of about 20 L/min which carries approxi-
mately 20 percent solids (sediment). The sample is intro-
duced into the hopper at the top of the spiral concentrator and
carried down the spiral trough by the flowing water. The light
minerals (predominantly quartz, feldspar, and shell frag-
ments) are centrifugally thrown to the outside edge of the
trough whereas the heavy minerals lag within a few centime-
ters of tle inner edge of the spiral trough because of their
higher density (Figure 6). An adjustable splitter placed at the
lower end of the spiral concentrator separates the light miner-
als from the heavy minerals and routes them into separate
containers. The light fraction was passed through the spiral
concentrator several times to assure maximum recovery of
heavy minerals. The heavy-mineral concentrate (spiral heav-
ies) was also passed through the spiral as many as three times
to remove as much of the light-mineral fraction as possible.
For the Virginia study, this procedure recovered an average of
55 percent of the heavy minerals from the bulk sample (the
range was between 5 and 95 percent) and resulted in a
concentrate averaging 320 g, which represented approxi-
mately 5 percent of the bulk sample weight. Similar proce-
dures on samples from offshore of Cape May, New Jersey,
resulted in an average of 87 percent recovery; from offshore
of central Florida, in an average of 75 percent recovery; and
from long Island Sound, New York, in an average of 82
percent recovery. Poor recovery is usually associated with
muddy samples , poorly sorted samples , or samples containing
significant carbonate (shell fragment) components. Because
the size, the shape, and the composition of clastic grains im-
part different hydrodynamic properties to individual samples
that affect their susceptibility to recovery by differing meth-
ods of separation, a250- to 350-9 aliquot of homogenized
sediment was grab sampled from the material rejected by the
spinl (spiral lights) for control purposes. The spiral concen-
trator was thoroughly washed between samples to reduce
cross-sample contamination. The heavy-mineral concentrate
and the aliquotof rejected material were dried, weighed, and
then processed by heavy-liquid separation techniques.

I{EAVY-LIQUID SEPARATION

As pointed out by Krumbein and Pettijohn (1938), a
heavy liquid should have tlre following attributes to be effec-
tive: inexpensive, easily prepared or purchased, transparent,
liquid at ordinary temperature, noncolrosive, chemically inert
towards most minerals, odorless, fluid rather than viscous, to
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Figure 2. Photograph showing router apparatus utilized to
split vibracores lengthwise.

and easily diluted and recovered. None of the heavy liquids
now in use have all these qualities; however, some have been
proven to be better than others. For the purposes of this, and
other parallel studies on the ACS, acetylene tetrabromide
(CrI\Brn), which has a specific gravity of 2.96, was used. In
laboratories where heavy liquids are used extensively it is
necessary to standardize procedures as much as possible. Be-
cause the original investment in large quantities of heavy
liquids is comparatively high and they areloxic, efforts should
be made to recover the maximum amount of the liquid.

Complete recovery is very seldom realized. However, it.
is possible to keep the loss of most liquids under about I
percent on any one separation. When using the volatile liquids
in large volumes, all operations should be carried out under
well-ventilated hoods. The transfer of liquids from stock
bottles to separatory funnels should be done in comparatively
small volumes so ftat loss by dropping or spilling can be kept
to a minimum.

The simplest and most widely used method for heavy-
mineral separation is the use of liquids in separatory funnels
(Figure 7). The heavy liquid and the mineral grains are
introduced inm the funnel and agitated by using a glass
stirring rod. The mixture is allowed to stand until the light
minerals float, ttre heavy minerals sink, and the two fractions
are completely separated. The light minerals should be
agitated several times to allow all the fapped heavy minerals

Figure 3. Photograph showing static blade cutter apparatus
utilized to split vibracores lengthwise.

Figure 4. Photograph showing setup of equipment utilized to
photograph split vibracores.
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Figure 2. Photograph showing router apparatus utilized to
split vibracores lengthwise.

and easily diluted and recovered. None of the heavy liquids
now in use have all these qualities; however, some have been
proven to be better than others. For the purposes of this, and
other parallel studies on the ACS, acetylene tetrabromide
(Crt!Br), which has a specific gravity of 2.96, was used. In
laboratories where heavy liquids are used extensively it is
necessary to standardize procedures as much as possible. Be-
cause the original investment in large quantities of heavy
liquids is comparatively high andthey aretoxic, efforts should
be made to recover the maximum amount of the liquid.

Complete recovery is very seldom realized. However, it
is possible to keep the loss of most liquids under about I
percenton any one separation. When using thevolatile liquids
in large volumes, all operations should be carried out under
well-ventilated hoods. The transfer of liquids from stock
bottles to separatory funnels should be done in comparatively
small volumes so that loss by dropping or spillingcanbe kept
to a minimum.

The simplest and most widely used method for heavy-
mineral separation is the use ofliquids in separatory funnels
(Figure 7). The heavy liquid and the mineral grains are
introduced ino the funnel and agitated by using a glass
stirring rod. The mixture is allowed to stand until the light
minerals float, the heavy minerals sink, and the two fractions
are completely separated. The light minerals should be
agitated several times to allow all the rapped heavy minerals

Figure 3. Photograph showing static blade cutter apparatus
utilized to split vibracores lcngthwise.

Figure 4. Phoograph showing setup of equipment utilized to
photograph split vibracores.
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Figure 6. Close-up photograph showing separation of heavy
(right) from light (left) minerals in the spiral trough.

sink. The heavy fractions are tappedby turning the stopcock
and are allowed to pass ttrrough to a filter setup. Fine-grained
material has a tendency to clot because the heavy minerals
drag down some of the light minerals. A slow introduction of
the sample into ttre separatory funnel along with frequent
gentle agitation reduces, but does not completely eliminate,
the clotting problem. After all the heavy minerals are tapped
and the grains are filtered from the liquid, a new filter setup is
made, and theremaining liquid andlight minerals are tapped.
A filtering process done under vacuum saves time andrecov-
ers a greater volume of the heavy liquid. The filten containing
the light and the heavy minerals are washed liberally with
aceione. The heavy liquid is recovered from the acetone
washings by eitier using a water-wash process or by bubbling
air through the washings until ttre specific gravity is deter-
mined to be acceptable.

The methods described above are not completely satis-
factory for producing pure heavy-mineral separates, particu-
larly if fine-grained material is present. Furtiermore, the
large volumes of heavy liquid that are needed for these
samples result in a loss of more heavy liquid with each
separation. Cenrifuging overcomes both of tiese problems,
but the use of the centrifuge precludes the rapid processing of
large-volume samples.

The spiral heavies and the spiral lights were processed to
obtain ttreir "pure" heavy-mineral content. by the method de-
scribed above. Weights of all fractions were recorded. The
heavy minerals recovered from ttre spiral heavies comprise
t}re recovered heavy-minerd (RHM) fraction. The total
heavy-mineral (THM) content of the bulk samples was ap-
proximated by methods described in the section "Mineral
Database." The RHM fraction averaged approximately 100
g and ranged from 8.8 tD 12n g; the THM content averaged
229 gfor the Virginia samples.

Figure 7. Photograph showing apparatus utilized for sink.
float separation of heavy from light minerals in heavy liquid.

MAGNETIC MINERAL S EPARATION

The volumes of heavy minerals recovered by the
(Humphreys) spiral and the heavy-liquid processing were
largeenough for archival and mineralogic determinations and
chemical analysis. Archived samples are necessary for grain
size distribution, magnetic susceptibility, gamma-ny suscep-

Figure 5. Photograph ofthree-tum spiral concentrator.
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Figure 6. Close-up photograph showing separation of heavy
(right) from light (eft) minerals in the spiral trough.

sink. The heavy fractions are tapped by turning the sopcock
and are allowed to pass through to a filter setup. Fine-grained
material has a tendency to clot because the heavy minerals
drag down some of the light minerals. A slow inroduction of
the sample into the separatory funnel along with ftrequent
gentle agitation reduces, but does not completely eliminate,
the clotting problem. After all the heavy minerals are tapped
and the grains are filtered from the liquid, a new filter setup is
made, and the remaining liquid and light minerals are apped.
A filtering process done under vacuum saves time andrecov-
ers a greatervolume of the heavy liquid. Thefilters containing
the light and the heavy minerals are washed liberally with
acetone. The heavy liquid is recovered from the acetone
washingsby either using a water-wash process orby bubbling
air through the washings until the specific gravity is deter-
mined to be acceptable.

The methods described above are not completely satis-
factory for producing pure heavy-mineral separates, particu-
larly if fine-grained material is present. Furthermore, the
large volumes of heavy liquid that are needed for these
samples result in a loss of more heavy liquid with each
separation. Cenuifuging overcomes both of these problems,
but the use ofthe cenrifuge precludes the rapid processing of
large-volume samples.

The spiral heavies and the spiral lights were processed to
obtain their "pure" heavy-mineral content by the method de-
scribed above. Weighs of all fractions werc recorded. The
heavy minerals recovered from fre spiral heavies comprise
the recovered heavy-mineral (RHM) fraction. The total
heavy-mineral (THIO content of the bulk samples was ap
proximated by methods described in the section "Mineral
Daabase." The RHM fraction averaged approximately 100
g and ranged from 8.8 tD 1227 g; the THM content averaged
229 gfor the Virginia samples.

Figure 7. Photograph showing apparatus utilized for sink-
float separation of heavy from light minerals in heavy liquid.

MAGNETIC MINERAL SEPARATION

The volumes of heavy minerals recovered by the
(Humphreys) spiral and the heavy-liquid processing were
large enough for archival and mineralogic determinations and
chemical analysis. Archived samples are necessary for grain
size distribution, magnetic susceptibility, gamma-ray suscep-

Figure 5. Photograph of three-tum spiral concentrator.
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tibility, density, and induced polarizarion suscepribility
measurements. A Jones splitter was used to obtain the ttrree
portions consisting of I 2.5 volume percent for archivin g, 12.5
volume percent for chemical analysis, and 75.0 volume per-
cent for optical mineralogy. As the immediate objective of
these studies is to reconnoiter heavy-mineral concentrations,
detailed mineralogy on a large number of samples is too time
consuming. Multi-element chemical analyses of the mag-
netic fractions from one portion of the RHM assemblage were
planned to help identify mineral species that are difficult to
resolve by the mineral identification methods discussed in the
next section. Another portion of the RHM assemblage was
retained for mineralogic analyses by optical methods. This
was done to ensure that high-value, low-frequency mineral
species, such as monazite, rutile, xenotime, cassiterite, and
gold, had a significant chance to be identified and quantified
in this reconnaissance study.

The splis retained for mineralogic determinations were
separated into magnetic fractions by using a Frantz Magnetic
Barrier Laboratory Separator (MBLS). This fractionation
was done !o reduce the number of mineral species in each
magnetic fraction and to facilitate mineral identification and
quantification. This procedure also should be followed with
the split forchemical analyses to reduce inter-elemental inter-
ferences associated with polymineralic assemblages; this was
not followed for the Virginia samples.

The Frantz Isodynamic Magnetic Separator (FIMS) is a
versatile instrument and can produce excellent concentrates
of many minerals. S ubstantial literature has been published on
the subject of mineral separations performed with the FIMS
(McAndrew, 1957; Gaudin and Spedden, l%.3; Flinter, 1959;
Hess, 1966; Nesset and Finch, 1980).

The MBLS has a significant advanrage over the FIMS in
the ratio of magnetic force to field intensity. Material is
visible as it enters ttre field and undergoes separation at the
magnetic barrier. These conditions result in better control,
superior sensitivity, and greatly reduced processing time. A
FIMS can be converted !o an MBLS by using retrofit equip-
ment. Much of the information in the literature about the
FIMS is useful for operating rhe MBLS.

As the result of differences in design, the direction of
magnetic force in the working space of the MBLS is ttre
reverse of that in the FIMS, and tle side slopes used in
separating minerals according to their magnetic iusceptibili-
ties, therefore, also are reversed. For the FIMS, the magnetic
force moves particles against a component of gravitational
force, whereas, for the MBLS, gravitational force is used !o
move particles against a magnetic force. The range of field
intensity provided by the two separators is substantially the
same (0 !o 20,000 Gauss). At any field intensity selected,
however, ttre effective force provided by the MBLS is about
3 times greater than the effective force provided by the FIMS.
A small adjustment of current to the MBLS results in a
substantially greater change in the effective force than does
the adjustment of current to the FIMS. Separation of materials
that differ slightly in magneric susceptibility is improved
when the MBLS is used. The number of minerals thatrespond
to magnetic force sufficiently for separation also is extended.
At high magnetic force field intensities, the banier field of the
MBLS is sufficient to sepaxate paramagnetic and weakly

diamagnetic materials that cannot be separated by using ttre
FIMS.

A sample consisting of minerals that differ in magnetic
susceptibility is usually processed by separating the most
sBongly magnetic component first, and then separating of the
other components in order of declining susceptibility. Sepa-
ration of mineral mixtures that have susceptibilities ranging
from ferromagnetic to diamagnetic is expedited by the initial
removal of ferromagnetic minerals. Otherwise, the most
magnetic minerals tend to be heldby thepole pieces or on the
chute surface inside the gap and thus divert other minerals
from their normal paths.

The methods of removing ferromagnetic particles from
heavy-mineral assemblages before paramagnetic separation
include the use of hand-held magnets passedovertle concen-
trate, the use of low current settings (10 to 20 mA) on the
MBLS, and various configurations of the electromagnet that
offer large surface areas over which the concentrates can be
passed. These three methods offer individual advantages;
however, in processing large-volume samples, a more rapid,
replicable, and consistent method is necessary. For our proc-
essing, the magnetic poles of the MBLS were rotated into a
vertical position and then the tops of the poles were inclined
toward the operator. A 1. 125-in. diameter, 0.225-in.-thick
wall, glass tube was fastened to the pole pieces straddling the
gap to provide a conduit for a flowing stream of concentrate
containing ferromagnetic minerals. Then the magnetic field
strength is set at t}le maximum (about 2.0 A; at this current
setting, the magnetic field strengttr tends to decay as the
magnet's coils heat up), the sample is introduced into the glass
tube. As the grains fall through the tube, the more magnetic
minerals are preferentially pulled against the inner side of the
tube near the pole pieces (Figure 8); the minerals that are less
magnetic fall through the length of the tube inlo a container.
After the initial pass, an empty container is placed at the
bottom of the glass tube, the current is turned off, and the
magnetic minerals are collected. This procedure is rapid, and
repeated passes through this setup are recommended for the
nonmagnetic minerals, especially for the fine-grained mineral
assemblages.

The ferromagnetic minerals were processed through the
same setup by using a lower current setting (0.5 to 0.7 A,
depending on the mineral assemblage) to concentrate those
minerals that have paramagnetic properties and those miner-
als that have magnetic inclusions, such as zircon, staurolite,
aluminosilicates, gamet, amphibole group, and others. This
process was effective in removing ferromagnetic minerals in
about l0 minutes for 300 g of bulk concentrate sample.

The nonmagnetic-mineral fraction derived from thefree-
fall separation was processed through the MBLS in sequential
passes at increasing current strengths. The factory-provided
ammeter on the MBLS was shunted to a digital ammeter for
increased accuracy (a digital ammeter-equipped power con-
troller is highly recommended for maintenance of current
settings). Five mineral groups were thus generated at current
settings of 0.2, 0.4, 0.6, 1.8 A, and nonmagnetic at I .8 A. Each
mineral group was weighed, bottled, and labeled.

General procedures for the determination of current and
slope settings for the MBLS are provided by the manufac-
turer; opdmal settings for any mineral assemblage must be
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Figure 8. Photograph of magnet configuration utilized to
separate ferromagnetic minerals from bulk heavy-mineral
concentrates.

determined by the user. Forward and side slopes of the MBLS
ranged from 15'to 20" and 15o to 25o, respectively. The
current and the slope settings defined above were appropriate
for the heavy-mineral assemblages found offshore of Vir-
ginia; however, for heavy-mineral assemblages elsewhere on
the ACS higher current settings and steeper side slopes (up to
35" to 45) provide cleaner and more rapidly processed
separates. For ourreconnaissance work, the emphasis was on
processing many large samples in a short period of time.

A consequence of the time consftaint is less-than-pure
concentrates tlat have a scatter of given mineral species
across a number of magnetic fractions because of variations
in mineral composition and the presence of polymineralic
grains. Because many heavy minerals have a wide range of
possible compositions that results in a wide range of possible
magnetic susceptibilities for a pafiicular mineral, optimal
current settings for extraction must be determined empirically
for each suite. The mineralogy of the resultant magnetic
fractions is discussed in the section "Mineral Identification
and Quantification."

Geochemical data can be used to indicate the presence of
potentially economic mineral species not distinguishable by
rapid optical mineralogic analyses. The 12.5 volume percent
split of the RHM fraction generated for chemical analyses
also can be magnetically separated into three fractions. The
firstmagnetic fraction shouldbe derived in a manner identical

to that utilized for the ferromagnetic-mineral fraction. The
second magnetic fraction should be generated at a current
setting of 0.6A,andthethird magnetic fraction is thenonmag-
netic minerals at 0.6 A. The geochemical data from these
three magnetic fractions can then be used to indicate the
presence of mineral species not easily identified by perogra-
phic procedwes; for example, high tin (Sn) values in the non-
magnetic mineral fraction may signal the presence of cassit-
erite.

MINERAL IDENTIFICATION AND
QUANTIFICATION

To estimate mineral abundances, each magnetic-mineral
fraction was examined by using reflected and transmitted
light microscopes. Estimation was easy because only a few
mineral species were present in each fraction. Comparison
charts for visual estimation of percentage composition (Folk,
1951; Terry and Chillingar, 1955; Reid, 1985) and point-
counting were used for this purpose. In addition to petrogra-
phic methods, X-ray diffraction analyses were used to iden-
tify some minerals; however, because of the reconnaissance
nature of the work, all the mineral species were not idendfied.
An "Others" category was estimated and included quartz, un-
identified opaques, unidentified non-opaques, polymineralic
grains, and clay balls. The identification of zircon and mona-
zite was aided by the use of ultraviolet light. The principal
criteria for identihcation were magnetic susceptibility, gain
shape, color, physical properties (that is, cleavage), streak,
fluorescence, solubility in acids, and optical properties.

The estimated percentage abundances of each mineral
species was multiplied by ttre weight of each fraction. The
total percentage for each mineral was calculatedby summing
their weights across the magnetic fractions in which the
mineral occurred. Because the average of specific gravities of
all species in each magnetic fraction are generally similar,
differences in specific gravities of the mineral species were
ignored in the calculations. Although the calculated percent-
ages are not true weight percentages, the differences are
probably small. An example of the observations and calcu-
lations used to determine ttre weight percentages of minerals
for a sample are given in Appendix I.

Because silt- and clay-rich sediments are difficult to
separate and identify, the amounts of fenomagnesian micas
and lighter heavy minerals (specific gravity <3.50) are proba-
bly underestimated in the analytical table, and higher density
minerals such as garnet and zircon may be overestimated.

The ferromagnetic-mineral fraction commonly is com-
prised of minerals containing magnetite mineral inclusions
that should be in fractions separat€d by low magnetic field
strength. X-ray fluorescence analyses of this fraction in two
samples from offshore Virginia indicated titanium values in
excess of what one would expect of magnetite. The excess
could be explained by the presence of approximately 40
percent titanomagnetite (Oliver Fordham, Virginia Division
of Mineral Resources, oral communication, 1988). This
combination of magnetite and ilmenite is confirmed by geo-
chemical analyses given elsewhere in this publication. Be-
cause optical identification of different opaque minerals in the
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Figure 8. Photograph of magnet configuration utilized to
separate ferromagnetic minerals from bulk heavy-mineral
concentrates.

determinedby the user. Forward and side slopes of the MBLS
ranged from 15'to 20" and 15" to 25", respectively. The
current and the slope settings defined above were appropriate
for the heavy-mineral assemblages found offshore of Vir-
ginia; however, for heavy-mineral assemblages elsewhere on
the ACS higher current settings and steeper side slopes (up ro
35" to 45') provide cleaner and more rapidly processed
separates. For our reconnaissance work, the emphasis was on
processing many large samples in a short period of time.

A consequence of the time constraint. is less-than-pure
concentrates that have a scatter of given mineral species
across a number of magnetic fractions because of variations
in mineral composition and the presence of polymineralic
grains. Because many heavy minerals have a wide range of
possible compositions that results in a wide range of possible
magnetic susceptibilities for a particular mineral, optimal
current settings for extraction mustbe determinedempirically
for each suite. The mineralogy of the resultant magnetic
fractions is discussed in the section "Mineral Identification
and Quantification."

Geochemical dala can be used to indicate the presence of
potentially economic mineral species not distinguishable by
rapid optical mineralogic analyses. The 12.5 volume percent
split of the RHM fraction generated for chemical analyses
also can be magnetically separated into thee fractions. The
first magnetic fraction should be derived in a manner identical

to that utilized for the ferromagnetic-mineral fraction. The
second magnetic fraction should be generated at a curent
setting of 0.6A,and the ttrird magnetic fractionis thenonmag-
netic minerals at 0.6 A. The geochemical data from these

three magnetic fractions can then be used to indicate the
presence of mineral species not easily identified by petrogra-
phic procedures; for example, high tin (Sn) values in the non-
magnetic mineral fraction may signal the presence of cassit-
erite.

MINERAL IDENTIFICATION AND
QUANTIFICATION

To estimate mineral abundances, each magnetic-mineral
fraction was examined by using reflected and transmitted
light microscopes. Estimation was easy because only a few
mineral species were present in each fraction. Comparison
charts for visual estimation of percentage composition (Folk,
l95l; Terry and Chillingar, 1955: Reid, 1985) and point-
counting were used for this purpose. In addition to petrogra-
phic methods, X-ray diffraction analyses were used !o iden-
tify some minerals; however, because of the reconnaissance
nature of the work, all the mineral species were notidentified.
An " O thers " category was estimated and included quartz, un-
identified opaques, unidentifred non-opaques, polymineralic
grains, and clay balls. The identification of zircon and mona-
zite was aided by the use of ultraviolet light. The principal
criteria for identihcation were magnetic susceptibility, gain
shape, color, physical properties (that is, cleavage), streak,
fluorescence, solubility in acids, and optical properties.

The estimated percentage abundances of each mineral
species was multiplied by the weight of each fraction. The
total percentage for each mineral was calculated by summing
their weights across the magnetic fractions in which the
mineral occurred. Because the average of specific gravities of
all species in each magnetic fraction are generally similar,
differences in specific gravities of the mineral species were
ignored in the calculations. Although the calculated percent-
ages are not true weight percentages, the differences are
probably small. An example of the observations and calcu-
lations used to determine the weight percentages of minerals
for a sample are given in Appendix I.

Because silt- and clay-rich sediments are difficult to
separate and identify, the amounts of fenomagnesian micas
and lighter heavy minerals (specific gravity <3.50) are proba-
bly underestimated in the analytical table, and higher density
minerals such as garnet and zircon may be overestimated.

The ferromagnetic-mineral fraction commonly is com-
prised of minerals containing magnetite mineral inclusions
that should be in fractions separated by low magnetic field
strength. X-ray fluorescence analyses of this fraction in two
samples from offshore Virginia indicated titanium values in
excess of what one would expect of magnetite. The excess
could be explained by the presence of approximately 4O
percent titanomagnetite (Oliver Fordham, Virginia Division
of Mineral Resources, oral communication, 1988). This
combination of magnetite and ilmenite is confirmed by geo-
chemical analyses given elsewhere in this publication. Be-
causeoptical identification of differentopaque minerals in the
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ferromagnetic-mineral fraction is diffrcult without the use of
polished grain mounts and the mass is small, the entire
fraction is labeled "magnetite:"

In addition to petrogaphic techniques, the paramag-
netic-mineral fractions were examined using ultraviolet illu-
mination. This technique aided ttre identification of monazite
which had green fluorescence, and zircon which had yellow
to orange fluorescence. Not all zircons fluoresce, for ex-
ample, metamict zircons. Because quartz was often found in
the non-magnetic at 1.8 A magnetic fraction, its weight was
included in the heavy-mineral fraction. For the Virginia
samples, a correction was made to the weight percentage of
the total heavy minerals by subtracting the weight of quartz
and is included in the calculation of data under column 151 in
Appendix I. The decrease in the weight of the heavy minerals
ranged from 2 to 18 percent of the uncorrected value and
averaged about 3 percent for Virginia samples.

DATABASE

Ideally, an offshore mineral-resource database should
contain all the variables generated by direct measurements as
well as those derived by calculation. Because the formulae for
calculating a number of derivative variables are discussed in
detail later in this section, only the directly measured variables
are discussed here. The variables ttrat should be entered into
a database and their units of mffNure are as follows:

VARIABLE
Sample number

UNITOFMEASURE

For the samples from Virginia, several databases were
used. One of these contains location data and core (sample)
length, and two others hold measured weights, observed
mineral compositions, and calculated or derived values.

The original concept and the outline for the database
presented here were the efforts of the senior author; modifica-
tions of calculation formulae for the 20/20 spreadsheet pro-
gram available on the VIMS Prime computer were made by
C.R. Berquist and C.T. Fischler. Other collaborating institu-
tions on the Atlantic seaboard utilized thel otus I -2-3 spread-
sheet program. The database (Appendix I) that has values for
two samples is shown as an example. Each row contains the
data for one sample. The column headers (variables) are
generally self-explanatory; however, they arcdiscussedbriefly
in the following section. Column data originates from obser-
vation, measurement, or calculation. The calculation formu-
lae (Appendix II) follow the database (Appendix I).

DISCUS$ON OF COLT]MN HEADERS

Values in column 11 were calculated by determining the
amount of water in a 50- to 100-9 subsample and correcting
the initial bulk sample weight. Because not all samples were
wet (USGS vibracores were dry when received), some col-
umns in the final database contain 0 or "ERR" (where, in fact,
there is no error). The weight of sediment greater than 2.00
mm in diameter after wet sieving is given in column 12.
Column 13 gives the weight of a subsample from the spiral
light (SL) fraction; column 14 gives the weight of the portion
which sank in heavy liquid (spiral lights tetrabromoethane
sink). Column 15 is the final spiral concentrate; column 16
gives the weight of the spiral heavy, tetrabromoethane sink
fraction. Column 17 is a check for gross errors in weighing
sample fractions (see formulae in Appendix II). Column 18
is the percenage of heavy minerals in the spiral light fraction
and approximates the amount of heavy minerals lost during
the spiral concentration procedure to the spiral lights fraction
(column l9). Column 20 gives the percentage of the heavy
minerals recovered by the spiral concentration procedure
from the calculated total amount of heavy minerals in the
sample and is a measure of the efficiency of the spiral
concentrator in recovering heavy minerals from a given
sample. Column 2l is the calculated lotal amount of heavy
minerals in the sample based on the recovered and the lost
heavy minerals during the spiral concentrating procedure.
Column 22 is the weight percentage of the heavy minerals
recovered in the spiral concentrate and subsequent heavy-
liquid procedure.

Themud (siltandclay), gravel (>2.00mm), andsand size
distributions were determined for some samples by using a
split of the repository sample; columns 23 tD 28 give these
data. The mean size of the sand fraction of some samples
(column 30) were determined by using a Rapid Sediment
Analyzer.

The weights of the magnetic fractions derived by use of
the free-fall and MBLS magnetic sepamtors are shown in
columns 31 0o 36; "203" is the most magnetic fraction, and
"208" is the least magnetic fraction. The sum of these weights
are given in column 37. Columns 38 to 40 show tle weighs

Latitude........ Degrees and fractions of a degreeLongitude.... . Degrees and fractions of a degree
Water depth. Meters
Section length (vibracore)..................... Centimeters
Bulk sample weight.......... Grams
Weight of:

Gravel fraction........ .. Grams
Sand-size fraction........ Grams
Clay-size fraction........ Grams
CaCO. component... .. Grams

Mean grain size on a:
+CaCO" basis............. Grams
-CaCO"basis Millimeters

Sorting on 5:
+CaCO" basis................... Millimeters
-CaCO"basis Millimeters

Skewness oh a:
+CaCO" basis............. Millimeters
-CaCO"basis .!.r.!...r.. Millimeters

Kurtosis on a:
+CaCO" basis................... Millimeters
-CaCO.basis Millimeters

Weight of: -

spiral derived HM conc...... Grams
spiral gangue subsample.... Grams
HM in spiral gangue .. Grams

Composition ot
gravel fraction................... Percentage of shell, rock,

quarlz, and so forth
HM fraction. . Percentaqe of minerals
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of the splits of the RHM reserved for archive (-2M; I2.5
volume percent of the RHM fraction), geochemical analyses
(-200, -201, and -2O2; 12.5 volume percent of ttre RHM
fraction), and optical analyses (-203, -2M, -205, -2M, -207,
and -208; 75.0 volume percent of the RHM fraction). For the
Virginia samples, no magnetic separation of the geochemical
split was made, and the entire weight is reported in column 39.
Gross weighing errors are checked in column 41. Observed
amounts of individual heavy-minerals in each magnetic frac-
tion (203 to 208) are shown in columns 42 to I 16; summation
columns insure that the compositions add up to 100 percent.

Columns 1 17 to 131 show tle gram-equivalent weight of
an observed mineral for an entire sample (fractions 203 to
208) calculated by summing the gram equivalent of the
visually estimated frequency of the mineral in each magnetic
fraction. By using these data, the weight percentage of the ob-
served minerals in the RHM fraction is calculated and shown
in columns l32lol47. Column 14? is the sum of ilmenite +
leucoxene + rutile + zircon + monazite + aluminosilicates
(sillimanite, kyanite, and andalusite).

Columns 148 and 150 are copied from columns22 and
21, respectively. "CORR" in columns 149 and 151 correct
columns 148 and 150 by removing the amount of quartz
observed in the 208 fraction from the mass of RHM and THM.
Column 152 is a check where THM should be always greater
than RHM. In column 153 ttre weight percentages of the ob-
served minerals are added and checked to be certain ttrat they
total to 100 percent.

With respect to the entire btrlk sample (as opposed to the
concentrate), t}e concentrations of heavy minerals are shown
incolumns 154 to 169; the sum is shown in column 170. These
values were calculated by multiplying the mineral abundance
in the concentrateby column 15 l. Column 17 I is a check that
the sum of the mineral percentages (columns 154 to 168) and
the corrected THM are the same.

APPROXIMATE TIME REQUIREMENTS FOR
ANALYS$ OF AN OFFSHORE VIRGINIA SAMPLE

The sample analysis procedure that we have described
requires numerous labor-intensive tasks. Based on the expe-
rience that we have gained during this study, tle average times
required to perform the various tasks are as follows:

TASK TIMEPER SAMPLE
(in minutes)

Cut, describe, and pholograph core...................... 45
Wet sieve gravel fraction...................................... I 5
Spiral concentrate sand-sized fraction.................. 30
Dry and wei gh spiral fractions.............................. I 5
Heavy-liquid separation.... ...............45
Remove ferromagnetics (203 fraction)................ I 0
Magnetic fractionation (-ZM ra -208 fractions). 120
Mineral identificatiory'quantification.................. 1 80
Data entry.... ............... 30

Total............. ............490 (about8 hr20min)

The volume, texture, heavy-mineral content and composition,

heavyJiquid separation funnel capacity, balance capacities,
and other variables have significant and highly variable ef-
fects on the time required to analyze each sample.
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Appendix II.

The formulae used in calculating the described variables are based on the column numbers in Appendix I.

29

COLUMN DESCRIPTION
NUMBER

3 NET WEIGI{T OF SAMPLE
7 WETWEIG}ITOFSAMPLE
8 DRY WEIG}IT OF SAMPLE
9 WATER WEIGHT IN SAMPLE

10 WEIGHTPERCENTWATER
11 DRYWEIGFTTOFBULKSAMPLE
17 WEIGHTLOSS DUETO SPLITTING
18 WEIGHT VoIINIIN SPIRALLIGHTS
19 WEIGHT HM IN SPIRAL LIGHTS
20 Vo OF HM RECOVERED BY TI{E SPIRAL
2l WEIGHT Vo TOTN,HM IN SAMPLE
22 WEIGHT 7o RECOVERED HM
26 WEIGHT 7o SAND
27 WEIGHT TolvIUD
28 WEIGHTPERCENTGRAVEL
29 SUM OF SAND, MUD AND GRAVEL 7o

37 SUM OF MAGNETIC FRACTIONS
4I WEIGI{TLOSS DUE TO MAGNETIC FRACTIONATION T4O]-137)

48 SUM OF 7o MINERAL SPECIES IN 203 FRACTION
58 SUM OF 7o MINERAL SPECIES IN 204 FRACTION
.11 SUM OF 7O MINERAL SPECIES IN 205 FRACTION
86 SUM OF 7a MINERAL SPECIES IN 206 FRACTION

101 SUM OF 7o MINERAL SPECIES IN 207 FRACTION
116 SUM OF 7o MINERAL SPECIES IN 208 FRACTION
rr7 MAGNETTTE G) rN ALL MAGNETIC FRACTIONS
118 ILMENITE (g) IN ALL MAGNETIC FRACTIONS

119 GARNET (e) IN ALL MAGNETIC FRACTIONS

r20 EPIDOTE (g) IN ALL MAGNETIC FRACTIONS

r2r STAUROLITE (g) IN ALL MAGNEIC FRACTIONS

r22 PYROBOLES (g) IN ALL MAGNETIC FRACTIONS

T23 COLUMN NOT USED IN VIRGINIA STUDY

r24 RUTILE (g) IN ALL MAGNETIC FRACIONS
IZ5 ALUMINOSILICATES G) IN ALL MAGNETIC FRACTIONS
126 SPHENE (g) IN ALL MAGNETIC FRACTIONS
12't TOURMALINE (g) IN ALL MAGNETIC FRACTIONS

128 LEUCOXENE G) IN ALL MAGNETIC FRACTIONS
r29 MONAZITE (g) IN ALL MAGNETIC FRACTIONS
130 ZIRCON (g) IN ALL MAGNETIC FRACTIONS
l3l oTlmRs @) IN ALL MAGNETIC FRACTIONS

FORMULA IN TERMS OF COLUMN NUMBER

[INBRACKETS]

t21-t1l
t5t-t4l
t6t-t4l
t7l-t8l
[9]/[7]*100
t3l-t3l*(t1ol/1oo)
t 1 6l -(t381+t391+ta0l)
(tl4llu3l)*100
(t18li1oo)*(t 1 1l-tl5l)
100*[16]/(U6l+tl9l)
([19]+[16])* 100/t1 1l

100*t161/u 1l

{zall(231+1241+125D)*100
(1231 I {231+124 I + [2 5 ] )) 

* 
1 00

(2sl I (231+1241 + [25] )) 
* 

1 00
suM(t26..281)
suM(31..361)

srJM(t42..471)
suM(t49..571)
suM(t5e..701)
suM(t72..8s1)
suM(t87..1001)
srJM(t102..1151)

l3rl*142)
[3 1] * [43]+[32]* [49]+[33] *[59]

+[34]* U 2l+[3 5] * [87] + [36] 
* U 021

[44] * [3 1]+[50]* [32]+[60] *[33]

+[73] * [34]+[88]* [35]+[103]* t36l
[5 1]* [32]+[61]* [33]+[74]* [34]
+[45]* [3 l]+[35] * [89]+[36]* [104]
[52]*1321+1621*1331+U5l*[34)
+[90]* [35]+[105]* [36]
[53] * [32]+[63] * [33]+[76] * [34]
+[9 1] * [35]+[ 106]* [36]+[46]* [3 l]
[5 5]* [32]+ 6al * 

[3 3] + [77] 
* [34]

+[92,8]* [35,8]+[107,8]* [36,8]
[78]* [34]+[93]* [35]+[108]* [36]
t79l* t3l+ t94l* [3 5]+[ 109]* [36]+ [65]* [33]

t66l* t33l+t801* [34]+[95]* [35]+[ I l0]* [36]

[67]*[33]+[8 l] * [3a]+ [96]* [35]
+ [ 1 1 1] * [36] + l54lx l32l
182l* [3a]+[97]* [35]+[1 l2] * [36]+[68] * [33]+[56]*[32]
[83]* [34]+ [98]* [35]+[36] * 

[ I I 3]

t99l* t35l+[ I 14]* [36]+[69]* [33]+[84] *[34]

[47] * [3 U+ [5 7]* [32)+U 0]* [3 3] +

[85]* [34]+[ 100]* [35]+[1 I 5]* [36]
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r32
133

134
135

r36
r37
138

r39
140

t4l
r42
143
r44
r45
146
147

148

r49
150
151

t52
153

154
r55
156

r57
158

159

160

161

t62

VIRGINIA DIVISION OF MINERAL RESOURCES

WEIGHT PERCENT MAGNETITE IN HM FRACTION
WEIGIIT PERCENT ILMENITE IN HM FRACTION
WEIGI{T PERCENT GARNET IN HM FRACTION
WEIGITT PERCENT EPIDOTE IN HM FRACTION
WEIGI{T PERCENT STAUROLITE IN HM FRACTION
WEIGI{I PERCENT PYROBOLES IN HM FRACNON
COLUMN NOT USED IN VIRGINIA STUDY
WEIGHT PERCENT RUTILE IN HM FRACTION
WEIGI{I PERCENT ALUMINOSILICATES IN HM FRACTION
WEIGHT PERCENT SPI{ENE IN HM FRACTION
WEIGITT PERCENT TOIJRMALINE IN HM FRACTION
WEIG}IT PERCENT LEUCOXENE IN HM FRACTION
WEIGHT PERCENT MONAZITE IN HM FRACTION
WEIG}IT PERCENT ZIRCON IN HM FRACTION
WEIGHT PERCENT OTIIERS IN HM FRACTION
WEIGTITPERCENTEHM
WEIGI{T PERCENTRHM
CORRECTED WEIGHT PERCENT RHM
WEIGHT PERCENT THM
CORRECTED WEIGHT PERCENT THM
THMVo - RHM 7o

SUM OF MINERAL PERCENTAGES
MAGNETITE AS A WEIGIIT PERCENTAGE OF TI{E BT]LK SAMPLE
ILMENITE AS A WEIGI{T PERCENTAGE OF TI{E BULK SAMPLE
GARNET AS A WEIGHTPERCENTAGE OFTI{E BULK SAMPLE
EPIDOTE AS A WEIGHI PERCENTAGE OF THE BULK SAMPLE
STAI.IROLITE AS A WEIG}II PERCENTAGE OF TI{E BULK SAMPLE
PYROBOLES AS A WEIGHT PERCENTAGE OF TFIE BULK SAMPLE
COLUMNNOTUSED IN VIRGINIA STUDY
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I7O SUM WEIGITT PERCENTAGE OF HEAVY MINERALS IN TFM BULK

SAMPLE
I7I CORRECTEDWT VO THM - SUM 7O HMOFBULK SAMPLE
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Resources and rhe
Virginia Institute of Marine Science investigated the occur-
rence of heavy minerals in theoffshore sediments of Virginia.
We began the project because earlier reconnaissance studies
reported high heavy-mineral concentrations from several
samples collectedoff the Eastern Shore of Virginia. Ourwork
confirms the previously reported mineral values and locates
additional high concentrations up to 20 nautical miles off-
shore. Furthermore, we show that potentially economic
mineral values are not restricted no surficial sediments, but
also are found in the upper 15 to 20 feet of inner continental
shelf sediments.

Several core samples indicate that potential economic
values of heavy minerals are clustered offshore of Hog Island,
S mith Island, Virginia Beach, and False Cape. These areas are
likely targets for resource assessment studies of heavy miner-
als and construction or beach nourishment sand. The high
heavy-mineral concentrations suggest that further investiga-
tions are warranted. The current effort to investigate re-
sources offshore has only begun, because our area of study
comprises only 3 percent of the Exclusive Economic Zone off
Virginia.

Sample sites are located along the entire Atlantic co:lst-
line of Virginia and nearly all are within 5 nautical miles of
land. Three-hundred and ninety large-volume samples were
analyzel,,Z90 of which came from vibracores; over three tons
of sediment wereprocessed. Thetotal heavy-mineralconcen-
tration of 78 samples is equal to or exceeds 5 percent. Fifty-
two samples have concentrations of one or more economic
minerals equal to or greater than threshold values for land-
based deposits (ilmenite 45Vo, loucoxene 5Vo, rutile 27o,
zncon SVo,monazite l%o, andtotal heavy mineral concentra-
tion 5Vo; Garnar, 1978). The lotal heavy mineral concentra-
tion for all samples averaged 3.3 percent and the highest value
was 14.7 percent.

Offshore sediments sampled by vibracores average about
5 meters in thickness and are probably Holocene in age. Core
peneration into underlying Pleistocene or Tertiary sediments
is suspected based on oxidized sediment at depth in cores.
Microfauna were not studied.

The U.S. Minerals Management Service and the Subaque-
ous Minerals and Materials Study Commission, Common-
wealttr of Virginia also provided funding for the study. This
report describes the mineral compositions and otlrer charac-
teristics we derived from offshore sediments from 1986
through 1988.

INTRODUCTION

The Virginia Division of Mineral Resources (VDMR)
and the Virginia Institute of Marine Science (VIMS) collected
and analyzed core and grab samples, and made side-scan
sonar and subbottom profile surveys from April 1986 through
September 1988 on the inner continental shelf of Virginia.
Theprojectwas funded in partby theU.S. Minerals Manage-
ment Service (MMS) and the Commonwealth of Virginia.
Work performed with funding from the U.S. Minerals Man-

agement Service emphasized research in the Exclusive Eco-
nomic Zone @EZ) seaward of 3 miles from land; work done
with funding from the Commonwealth of Virginia's Subaque-
ous Minerals and Materials Study Commission emphasized
evaluation of resources within the Commonwealth's territo-
rial waters. This report combines tie results obtained over the
past few years in describing the heavy-mineral occurrences
offshore of Virginia.

A limited study by Berquist and Hobbs (1986) verifred
earlier reports of high concentrations of heavy minerals in
surficial shelf sediments (Nichols, 1972; Goodwin and Tho-
mas, 1973; Grosz and Escowitz, 1983). We acquired cores in
April 1986 at Smittr Island Shoal, within the Chesapeake Bay
mouth, and east of Virginia Beach. In July 1986, sediments
were analyzed from existing cores andfrom 100 new grab and
box-core samples taken off the Virginia coast. The U.S
Geological Survey contributed 35 cores that were located at
the Chesapeake Bay entrance. A report described the results
of our efforts completed through the summer of 1987 @er-
quist and Hobbs, 1988a). Fifty new vibracores were taken
during the summer of 1987 from offshore Assateague Island
to North Carolina. The selection of core sites was guided by
the results of the previous years' efforts. We also made
geophysical surveys (side-scan sonar and high-resolution
shallow seismic) during these projects and some of the results
are described elsewhere in this publication. Berquist and
Hobbs (1988b) reportedon work completed from l986through
1988. Figures I and 2 show the locations of samples used in
this study. Appendix I gives location coordinates for all
vibracores and grab samples.

MINERAL ANALYSIS

We used a box corer and a Smith-Maclntyre sampler to
rake grab samples and a 4-inch diameter vibracorer to take
core samples. In most sandy areas of the ocean floor, penetra-
tion by 0rese devices, including the vibracorer, was limited
greatly because of very compact sands. Grab sampling rmely
exceeded 6 to 8 inches of depth in sediments. We acquired
vibracores up to 20 feet in length by jetting and coring (Ap-
pendix VII). Without multiple attempts, vibracores usually
penetrated about nine feet before refusal. Appendix II gives
general characteristics of core and grab samples; core descrip-
tions are found in Appendix VII.

The procedures for sample preparation and determina-
tion of mineral abundance are intricate and have been de-
scribed by A. E. Grosz of the U.S. Geological Survey. Al-
though a complete discussion of the process is found else-
where in this publication, a brief explanation follows: The
average weight of samples was large (20 pounds). Samples
from the vibracores were derived by processing 6-foot (aver-
age) sections. Heavy minerals were concentrated from the
samples with a three-tum spiral followed by use of tetrabro-
moethane. The heavy-mineral concentrate is magnetically
suMivided into six fractions (labeled "203" through "208",
from most magnetic to non-magnetic). The mineral compo-
sition of each fraction is estimated by using transmitted- and
refl ected-light microscopes. The heavy-mineral composition
of the sample is determinedby combiningthecompositions of
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the six fractions by using a computer spread-sheet program.
Out of approximately 436 samples, 390 were examined for
heavy-mineral content. Of the remaining 46 samples, one was
lost by contamination and the others did not contain enough
heavy minerals to allow for satisfactory processing.

Without the complete discussion of the analysis proce-
dures, some additional explanation is needed to interpret the
compiled mineral data. Because this is a reconnaissance
study, only commonly occurring and selected economic
minerals are identified. The economic minerals found in
abundance offshore of Virginia are those containing titanium
(ilmenite, leucoxene, and rutile) and rare-earth elements
(monazite and zircon). The sum of these minerals plus the
sillimanite/ kyanite (refractory minerals) fraction fonns the
"ECON" (economic interest) group of heavy minerals. The
amphibole and pyroxene groups minerals logether are more
com mon than any other minerals. Their abundance is grouped
under the name "pyrobole." Recovered heavy minerals
(RHM) is the amount of heavy minerals recovered from the
sample and available for analysis. Total heavy minerals
(THM) is an abundance determined by adding to RHM the
calculated amount of heavy minerals lost during the spiral
concentration.

Minerals identified as "magnetite" in the most magnetic
(labeled "203") fraction are not all solely magnetite. X-ray
fluorescence of the most magnetic (203) fraction of two
samples indicated excessive titanium for magnetite; this ex-
cess could be explained if approximately 40 percent of the
sample was titanomagnetite (O. Fordham, personal commu-
nication). Because optical identihcation of different opaque
minerals in the 203 fraction is difficult and inconsistent
among observers, the entire fraction is labeled "magnetite";
users of t}te data should remember this factor when interpret-
ing the compositional data.

The three least magnetic (2M,201, and 208) fractions
were also examined under high-intensity short-wave length
ultraviolet light enabling identification of monazite, by its
green "fluorescence" orinternal reflectance, zircon (yellow to
orange fluorescence), and quartz contamination in the non-
magnetic (208) fraction. Pink and light-brown (metamict)
zirconri are commonly observed, and although they are not
fluorescent, their abundance is included in the reported zircon
concentrations.

Because quartz is commonly found in the 208 fraction, its
weight is included in the heavy-mineral fraction rather than
the light fraction. It is commonly observed that quartz makes
up at least 90 percent of the 208 "ottrer" fraction. A conection
is made to the weight percent of the total heavy minerals by
subracting the weight of quartz contamination. The correc-
tion is used in the calculation of data under column headings
"WT 7o THM" in the appendices. The decreaseranged from
2 percent to 18 percent of the uncorrected value and averaged
2.6 percent.

DATABASE

All data entry and calculations were made on the Virginia
Institute of Marine Science PRIME computer, using the 20120

spreadsheet modeling program. For each step in the prepara-

tion of samples for mineral identification, the sample and its

many fractions are weighed. We used the spreadsheet pro-
gram to store and calculate weights and other characteristics
throughout the analysis.

The completed database contains about 70,000 cells of
information. Copies of the database arc not included in this
reportbutare available for inspection at the Virginia Division
of Mineral Resources and at the Virginia Institute of Marine
Science; Appendices III through VI contain the resultant
sample compositions.

RESULTS

SAMPLE COMPOSITION

Mineral composition data are subdivided into two groups:

cores and gab samples (Appendix III). Because the useful-
ness of relying upon surface grab samples in predicting
economic mineral potential is questioned (A. E. Grosz, per-
sonal communication), the grab sample data are separated

from core data. Appendix III includes separate statistics for
each group. Appendix IV shows statistics for all samples
combined.

Anotler way of characterizing mineral abundance is to
calculate mineral composition relative !o the entire sample
rather than to the heavy-mineral fraction. This is shown in
Appendix V. The data is "weighled" by the total heavy-

mineral concentration so firat mineral abundance per ton of
bulk sediment, for example, may be estimated.

Tables 1 and 2 show average and highest values for
certain economic minerals by core, grab, and all samples. The
total heavy-mineral (tHM) concentration (average and high-
est value) of "grabs" is approximately 50 percent greater than
for cores, and these differences between the THM averages

are significant at the 99.9 percent level ofconfidence. Aver-
age mineral concentrations, howgver, were nearly the same

for cores and grab samples, with the exception of zircon and

monazite. Therefore, based on the data, grab samples may be

useful in predicting mineral composition at depth in offshore
sediments, but the grab samples do not appear to be good

indicators of total heavy-mineral concentration. At this time,
the economic potential of sediments can only be established
reliably by core analysis.

As an aid to further assessment of ilre economic potential
of ilre area, Appendix V presents the weight percent of
selected minerals with respect to the total sample. Gamar's
values (or any other standard) can likewise be converted by
multiplying by an economic threshold THM concentration (5
percent), resulting in the following mineral concenfations:
ilmenite 2.25 percent, leucoxene and zircon 0.25 percent,

rutile 0.1 percent, monazite 0.05 percent. Data presented in
this way gives absolute (composition with respect to the bulk
sample) rather than relative abundance and comparisons

between samples or to an industrial standard are meaningful.

ECONOMIC POTENTIAL

Theaverage values for themineral concentrations shown

of these and other samples are summarized in Table 3. The
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TABLE 1. Averageconcentrations of selected mineralsas apercentagebyweightof theheavy-mineralfraction; l00grab samples,
290 core samples = 390 total.

WT Vo

THM
WT 7o WT Vo

ILMENITE LEUCOXENE
WT Vo

RUTILE
WT 7o WT Vo

ZIRCON MONAZITE

1.4

t.2
cores
grabs

2.9
4.4

3.3

24.0
28.6

25.2

1.7

1.8
3.8
2.8

3.6

0.1

0.3

all samples 0.1r.31.8

TABLE 2. Maximum concentrations of selected minerals as a percentage by weight of the heavy-mineral fraction.

WT Vo

THM
W'f Vo WT Vo WT Vo

ILMENITE LEUCOXENE RUTILE
WT Vo WT Vo

ZIRCON MONAZITE

cores
grabs

9.r
14.7

60.3 7.9 3.2 9.2 2.5
58.8 8.2 2.8 5.4 1.8

TABLE 3. Several samples indicating economic potential are selecied from Appendix III. Composition is relarive to the heavy
mineral fraction. See Appendix III for additional explanation of rabulated data.

W'l Vo WT Vo

Sample THM ILMENITE
WT Vo W'l Vo WT Vo WT 7o

RUTILE LEUCO)GNE MONAZITE ZIRCON
\,lT Vo

ECON

H0l-3
vl-4
4
JJ

54
59
85

rr34-r
l 136-l
c27-3
c42-4

5.5
0.8
9.3
5.1

14.7
11.0
10.8

8.8
9.0
2.7

3.2

17.4

56.2
21.4
58.8
29.0

34.9
54.9

34.0
28.7
44.4
49.4

2.7
1.7

1.4

0.8
1.1

1.5

2.4
1.8

l.l
2.0
2.0

0.3
J.J
3.0
0.6
0.2
0.6
1.8

0.3
1.0

3.0
2.0

7.6
3.8
J.J
4.1
4.9
4.3
3.8
4.6
3.5
3.9
6.7

32.2
6.r
30.8
65.8
35.9
42.4
63.1
41.1

34.1
56.1
62.2

1.4

0.3
0.2
0.1

0.4
0.1

0.1

a.2
P
P

0.2

in this study are lower than industry standards for mining on
land (Table l). The maximum values in Table 2 are in excess
of those standards. Although marketconditions may alter the
following values, the concentrations of the heavy-mineral
fraction of a hypothetical economic land deposit may be:
ilmenite 45 percent, leucoxene 5 percent, rutile 2 percsnt,
zircon 5 percent, staurolite 20 percent, monazite I percent,
garnet/epidote 15 percent, kyanire/sillimanite 7 percent, and
a total heavy mineral concentration of 4 or 5 percent (Gamar,
1978). Because there is no offshore production of a similar
suite of heavy minerals within U.S. waters, an economic
comparison to Virginia's offshore mineral potential cannot be
made. Offshore concentrations may need to have twice tfte
value of economic land deposits in order for development !o
proceed (U.S. Congress, 1987). Additionally, several factors

make it difficult to assess the commercial potential of marine
minerals; the erratic performance of domestic and global
mineral economies and changing technologies affecting both
demand andproduction beingbut two factors (U.S. Congress,
1987). There is also a lack of a detailed geologic analysis of
an offshore site, an environmental and resource assessment,
and a feasibility study. The economic potential of the heavy
minerals offshore of Virginia may also depend on the volume
of otler co-existing marketable material (including sand and
gravel) present in the deposit.

We have identified over 52 samples with concentra-
tions of oneor more ofthe "ECON"minerals equal to or greater
than Garnar's threshold values, assuming a THM of 5 per-
cent. These samples are marked by underlining in Appendix
V and their offshore location is shown on Figure 3. Eleven
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of these and other samples are summarized in Table 3. The
compositions of two samples are graphically described in
Figure 4. Alttrough total heavy-mineral concentration may be
low in somesamples, an exceptionalabundanceof an individ-
ual mineral, or minerals may encourage further investigation.

VIRGINIA DIVISION OF MINERAL RESOURCES

ALL OTHER MINERALS

zTRCON 3.8%
'LEUCOXENE 3-3%

Economicpotential is currently determined by acquiring
mineral concentrations from cores. Mineral data from surface
grab samples were used as a guide for locating nearly all
vibracore sites. Surficial mineral data may be misleading
because the relationship between surface and subsurface con-
centrations is not clear. This means that areas characterized
by low surficial mineral concentrations remain as potential
sites for coring.

Mineral concentrations are only part of the information
needed to plan for economic recovery of the resource. Na-
tional need, market conditions, advanced technological re-
quirements, and mining costs are other factors to be consid-
ered. Evaluation of offshore mining potential should assess
all materials; it may be possible to dredge sand for construc-
tion or beach nourishment and extract heavy minerals as a part
of the same operation.

We planned this study as a reconnaissance survey and
therefore did not attempt to precisely define economic min-
eral deposits. An appropriate exploration program would
require many closely spaced seismic lines and deep cores.
Mostof oursamples are located within 5 miles of the shoreline
and the most wide-spread coverage of the offshore is based
only on grab samples. Although ridge-fields may be rhe locus
of high mineral concentlations, too little is known !o ignore
other regions of the continental shelf. The shelf seaward of
Commonwealth jurisdiction is largely unexplored. Based on
the high concentrations of minerals revealed in this report
(STA054 and STA094, Appendix III), we recommend addi-
tional surveys further offshore in the Exclusive Economic
Zone.

Finally, more work could be done within 5 miles of the
coast. From a research perspective, a natural process respon-
sible for concentrating the offshore heavy minerals has not
been identified. With a greater understanding of the processes
concentrating heavy minerals, areas of high mineral content
could be located more readily. New geophysical techniques,
such as induced polarization, are available and their use may
diminish the need for numerous deep cores. The effecs of
dredging on biological resources must also be determined. If
sediments are removed from offshore, the effect of ttre changed
bathymetry on waves reaching the shoreline must be evalu-
ated. To date, no government heavy-mineral economic re-
source assessment(tonnage and grade) orfeasibility study has
been made for the Exclusive Economic Zone offshore of
Virginia. There are several sites off Virginia (Smith Island
Shoal, Hog Island, Virginia Beach, and False Cape) each with
a number of cores having high concentrations of minerals;
those sites are candidates for more derailed analysis.
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coMPosriloN
HEAVY MINERAL FRACTION

Figure 4. Graphic presentation of selected samples.

The decision of which samples to include in Table 3 is
based on several criteria. For economic land deposits, the
average THM concentration should be at least 3 percent.
THM exceeds this in several samples, even though the indi-
vidual mineral abundance may be less than the threshold
values suggested by Garnar (1978). These are included be-
cause the same volume of a mineral may be present at twice
the THM concenftation but half ttre abundance of the heavy-
mineral fraction (THM of 5 percentand ilmenite of 60 percent
would yield a THM of I 0 percent and ilmenite of 30 percent).
Also included in Table 3 are samples with THM values less
than 4 percent where certain ECON minerals are in great
abundance, because these samples may have been deposited
inan environmentindicating selective enrichmentand nearby
higher-grade sediments.

CONCLUSIONS

Analyses indicate that sediments offshore of Virginia
cortain occurrences of potentially economic heavy minerals.
High total heavy-mineral (THM) concentrations coupled with
high concentrations of ilmenite, zircon, and to a iesser exrent
monazite andrutile, areencouraging and justify further inves-
tigation.

1-0.8% THM
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APPENDIX I

LOCATIONOF SAMPLES

Loran coordinates are slaves of the 9960 chain. Latitude and

longitude were obtained from automatic conversion of loran
coordinates by ttre shipboard loran receiver-processor. Data

not available are noted by "*". Locations shown on Figues
5, 6, 7, 8,9, and 10.

VIBRACORE SAMPLES

CORE WATER LORAN C LATITUDE LONGITUDE
ID DEPTH COORDINATES

(FD Y X deg min deg min

H01 38
H02 38
H03 37
H04 38
H05 34
H06 37
H07 36
H08 30
H09 32
H010 35
H011 30
H0r2 29
H013 38
H014 38
H015 30
B01 25
B02 22
B03 15

B04 35
805 25
vl 48
v2 46
v3 49
v4 52
v5 :f

v6 47
1090 ,'

1091 {'

t092 '(1093 *
1094 :r'

1095 ,(

1096 {.

t097 :*

1098 *
1099 {'

1100 *
1103 r.

1106 *
1107 *
1l0g *
1111 '(

4r405J 27132.7
41406.r n83.8
41408.0 n84.9
41409.8 nB6.r
41412.2 n87.2
41392.9 nsr.o
41398.8 n84.9
41402.0 n86.7
41405.3 27138.6
41408.5 n87.4
41410.7 27139.3
4r4rr.5 27139.7
4r4r2.8 nA0.9
41414.6 27138.8
41413.6 27138.3
41399.5 27202.9
4t415.2 27200.0
4r423.r 272N.r
41385.3 27210.2
41369.8 27210.r

*:f

*:*

37 05.00
37 05.12
37 05.31
37 05.50
37 05.74
37 03.94
37 M.56
37 M.89
37 05.22
37 05.44
37 05.69
37 05.77
37 05.92
37 A5.99
37 05.89
37 07.03
37 08.20
37 08.84
37 06.13
37 U.87
36 54.53
36 53.15
36 51.80
36 50.51
3654.M
36 52.4r
36 56,25
36 56.76
36 57.20
36 56.88
36 57.20
36 57.55
36 57.98
36 58.50
36 57.98
36 58.18
36 58.63
37 00.55
37 00.72
37 02.34
37 03.75
37 05.62

75 45.99
75 46.19
75 46.37
75 46.58
75 46.74
75 46.03
75 46.70
75 46.98
75 47.29
75 46.90
75 47.25
75 47.3r
75 47.54
75 47.0r
75 46.93
760r.97
76N.74
7600.47
7604.17
76M.7r
75 56.56
75 55.29
75 53.84
75 5r.55
75 56.39
75 50.4r
7603.32
7603.27
7603.ffi
76U.45
7604.40
7605.20
7605.92
76 05.60
76 04.80
76 04.80
76M.42
7603.35
75 58.70
76 01.00
7602.N
75 59.80

:i

t
x
*
x
*
*
*
*
*
{.

x
*
*
*
x
*
*
,<

x

*
x
*
*
,k

tk

:*

:ft

i(
*
,.

:t

:t

t<

*
*
*
*
x
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Figure 5. Map showing the location of cores and grab samples off Eastern Shore and index map of sample locations south of the
Eastern Shore.
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Figure 9. Map showing the location of cores taken during the summer of 1987, northern area.
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Figure 10. Map showing the location of cores taken during the summer of 1987, southern area.



VIRGINIA DIVISION OF MINERAL RESOURCES

COREWATER LORANC LATITUDELONGITUDE
ID DEPT}I COORDINATES

(FI) Y X deg min deg min

COREWATER LORANC LATITUDELONGITUDE
ID DEPTI{ COORDINATES

(FI) Y X deg min deg min

l0
l5
16

T7

il16
1119
rL20
LLzI
rr22
rtn
Lt29
1 130
I 131

1132
LT34
1 136
1 139
2000
2001
2002

:t

i(

t(

:t

*
:t

:t(

*
*
*
il

*
*
*
*
*
{.

*
*
{.

50
45
35
36
36
36
56
32
34
32
32
28
31
32
28
29
33
37
27
53
50
60
44
60
JJ

47
45

8
3I
JJ
25
35
)t
3l
4l
25

{.

rf,

{.

*
:t

*
t(

{.

*
:*

*
{.

*
*
*
*
:t
:t

*
*

27082.8
27093.2
27M7.9
27r29.7
27130.0
27l:'0.A
27114.8
27134.5
27r33.5
27128.6
27134.9
27134.9
27r34.8
27r39.9
27144.9
27144.0
27140.5
27144.7
27155.0
27t20.0
27122.0
27088.0
27r35.0
27092.5
27r19.8
27089.6
27095.7
27102.2
27090.3
27r05.0
27102.7
21r0r.4
27099.0
27098.0
27A94.8
27092.2

*
*
*
*
*
{.
IF

x
,(

*
{r

*(

*
*
:t
:t

*
*
*
*

4196r.6
41974.0
41974.9
4169.5
41610.0
41668.0
41668.1
41629.2
41626.6
41628.0
416r0.0
41580.1
41539.8
4r4t5.l
41423.9
41420.0
41420.0
41284.9
41229.9
4r2r0.0
4r2r0.9
41229.9
41830.0
41230.6
41109.6
4rM9.9
41050.0
41039.9
4lotO.0
41050.1
41040.0
4rM9.9
41040.0
41039.8
41039.9
41M0.5

c37 29
c38 34
c39 34
c40 30
c4t 29
c42 30
c43 32
c44 33
c45 32
c46 36
c47 4r
c48 29
c49 35
c50 39
w8063 12

27146.0
27r40.0
27r40.0
27r42.5
27145.r
27r45.0
27r42.6
27r40.0
21r40.0
27135.r
27130.0
27125.0
27r25.r
27r25.0
27248.9

4r20r.r
41200.0
41189.8
41190.0
4rr90.2
41179.9
41180.0
41180.0
41160.0
4rr59.9
41159.9
41160.0
41170.0
41150.0
41305.6

36 48.83
36 48.50
36 41.67
36 47.78
36 47.9r
3647.06
3646.97
3646.87
3645.24
3645.03
36 44.8r
36 44.6r
36 45.43
3643.t9
37 01.10

75 56.09
75 54.74
75 55.10
75 55.67
15 56.26
75 56.ffi
7s 56.U
75 55.44
75 56.13
75 55.00
75 53.82
75 52.6
75 52.35
75 53.01
76 16.02

37 03.42 75 58.69
37 01.55 75 56.58
37 W.10 75 55.48
37 01.60 75 54.30
36 59.95 75 52.25
37 02.40 75 50.05
37 03.70 75 46.85
37 04.00 75 47.9r
37 M.75 75 49.32
37 04.24 75 51.18
37 M.r2 75 53.28
37 02.50 75 53.40
37 04.10 75 57.ffi
3657.05 7606.62
36 s5.35 1606.62
3659.52 7604.02
37 59.25 75 13.34
38 02.38 75 07.r5
38 01.44 75 07.08
38 00.59 75 01.80
37 49.12 75 16.37
37 51.00 75 18.02
37 50.02 75 09.01
37 26.61 75 36.08
37 26.68 75 36.12
31 26.51 75 36.19
37 26.07 7532.9',1
37 23.45 75 68.51
37 23.21 75 38.39
37 23.17 75 37.29
37 2r.88 7539.21
37 19.43 7540.32
37 16.11 75 4r.72
37 06.06 75 47.2r
37 06.96 75 48.01
37 06.61 7547.95
3106.48 7647.17
36 55.61 75 52.85
36 5r.53 75 57.r5
36 48.50 75 49.8r
36 48.66 75 50.24
36 48.61 75 4r.26
37 40.03 75 3r.52
36 49.07 75 42.85
3640.26 75 53.18
3633.97 75 48.14
3634.26 7s 49.56
36 33.73 75 5r.4r
36 33.18 75 48.A
3634.t0 75 5r.73
3633.76 75 5r.52
3634.52 75 50.89
3633.59 75 50.6
3633.52 75 50.43
36 33.38 75 49.68
36 33.31 75 49.05

33.0 41372.0 21153.0
27.0 41317.0 27156.0
27.0 41408.2 21153.4
24.0 41432.9 2tr49.r
78.0 4r90r.9 n048.0
82.2 4r920,t 27049.7
75.0 41945.3 21A10.3
60.0 4193r.r 2t076.8
57.6 41937.5 27079.9
59.4 41953.0 27016.4
51.6 4196r.6 2't082.8
46.2 41974.0 21093.2
44.4 41959.5 27097.8
36.0 41952.5 27090.9
36.0 4t947.9 27rr9.8
30.0 41949.0 27130.0
30.0 41939.2 27135.0
36.0 41918.9 21134.8
44.4 41890.6 27r35.0
48.0 41869.5 271349
47.4 41850.0 27r35.r
30.0 41789.2 27r35.r
36.0 4r75r.2 27r34.0
36.0 41739.4 27134.2
30.0 4n29.8 27134.6
52.2 41740.0 27124.6
24.0 41739.6 27rr2.0
58.2 41668.1 27rr4.8
36.0 4169.3 27125.2

37 03.03 15 5r.69
37 03.55 75 52.19
37 05.99 t5 50.49
37 07.85 75 48.65
3143.78 75 11.51
37 45.43 75 rr.25
31 48.03 75 14.54
37 47.00 75 16.32
37 47.62 75 16.72
37 48.83 75 15.50
37 49.11 75 16.48
37 51.01 75 18.14
37 49.90 75 19.54
37 49.15 75 18.41
37 49.49 7524.33
37 49.82 7526.35
37 49.12 7527.7r
37 47.43 75 28.40
37 45.08 15 29.44
37 43,33 75 30.17
31 4r.72 75 30.9r
37 36.69 75 33.0s
37 33.52 75 34.17
37 32.55 75 34.63
37 3r.77 75 35.06
37 32.32 75 32.59
37 3r.92 75 29.97
37 26.01 75 33.0r
37 26.49 75 35.19

113 core samples

GRAB SAMPLES

GRAB DEPTH LORANC LATITUDE LONGITUDE
rD (FEEI) COORDTNATES

deg min deg min

cl
C2
c3
C4
C5
c6
C7
c8
c9
c10
cll
c12
c13
c14
cr5
c16
crl
cr8
c19
c20
CzL
c22
c23
c24
c25
c26
c27
c28
c29
c30
c3l
c32
c33
c34
c35
c36

1

2
J

^
5
6
1

8

9
l0
l1
l2
13

I4
l5
16
t7
18

19

20
2l
22
23
24
25
26
27
28
29
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GRABDEPTH LORANC LATITUDELONGITUDE
rD (FEET) COORDTNATES

Y X deg min deg min

GRABDEPTH LORANC LATITUDELONGITUDE
rD (FEET) COORDINATES

:f

{.

*
*
*
{(

:ft

946
937
982
973
973
963
955

:f :f

*X(
t(*
**
i. X.

,< ,(

**
*{<

*1.

30 36.0
31 30.0
32 30.0
33 30.0
34 30.0
35 {'

36 {'

37"
38*
39*
40 {.

4I :r'

42*
43 {.

44*
45 ,|(

46 r(

47*
4g {.

49 {.

50*
51 *
52*
53*
54"
55 {'

56*
57*
58 '(59*
ffi*
6l :f

62 t'

63 't(

&*
65 t'

6x'
67*
68*
69 :f

70*
7l '*

72 t'

73*
74 :*

75*
76 {'

77*
78 :t

79 t(

80*
81 t(

82 {'

83*
84*
85 :*

41669.5 27129.7
4169.4 27r35.r
41650.1 27r34.7
41629.2 271345
41619.5 27ry3
41420.4 z7rffi.r
41429.9 27157.5
41430.2 27154.9
41430.0 27152.4
41426.9 27147.4
41423.9 2714.9
4r4r9.8 27142.7
4r4r5.r 27139.9
4t446.8 27t20.0
41447.0 27125.5
41447.7 27r3r.9
41449.6 27134.9
41466.8 27140.0
41500.0 27142.0
41510.1 27r34.9
41539.9 27134.9
4r540.r 27142.0
4r540.r 27145.0
41560.1 27r39.9
41580.1 27r34.9
41579.9 27125.0
4i610.0 27134.9
41369.8 27159.9
41339.9 27154.8
41284.9 27144.7
41279.7 27154.9
41249.6 27154.9
41241.9 27162.0
4t226.7 27t51.4
41229.9 27155.0
41229.9 2714.9
41209.8 27144.9
41209.9 27t20.0
4rr49.9 27rW.9
4rr49.7 27113.0
41149.9 27rr5.r
4rr59.9 27rr9.9
4rr59.9 27r25.r
4tt59.7 27129.9
41160.0 27140.0
4rr29.5 27rr9.0
4rr09.9 27119.9
41089.5 2?115.0
41089.8 27rM.9
41050.1 27r05.0
4rM9.9 27r0r.8
4rM9.9 27099.8
4rM9.8 27097.8
41050.0 27095.6
4rM9.9 27092.3
4ru9.9 27089.9

37 26.& 75 36.13
3? 26.80 75 37 .28
37 25.19 75 37.88
37 23.45 75 38.55
37 22.& 75 38.84
37 07.22 75 51.55
37 07.90 15 54.&
31 07.83 75 50.04
37 07.73 75 49.49
37 07.30 75 48.49
37 06.97 75 48.M
37 06.56 75.47.70
37 M.07 75 47.23
37 07.97 75 4r.73
37 08.18 75 42.94
37 08.46 75 44.32
37 08.71 75 44.9r
3710.31 7545.44
37 r3.W 75 44.7r
37 13.68 75 42.8r
37 16.12 75 4r.76
37 16.37 75 43.30
37 16.47 75 43.96
3717.95 7542.15
37 19.42 7540.35
37 19.W 7538.23
37 2r.88 75 393A
37 03.10 75 53.3r
37 00.49 75 53.23
36 55.63 75 52.89
36 55.60 75 55.39
36 53.16 75 56.46
36 52.81 75 58.36
36 51.40 75 57.84
36 5r.56 75 57.r8
36 51.15 75 54.85
3649.52 75 55.56
36 48.51 75 49.83
36 43.16 75 49.55
3643.28 75 50.27
36 43.38 75 50.74
3644.41 75 51.51
3644.9 75 52.72
3644.82 75 53.83
36 45.26 75 56.16
36 41.88 75 52.33
36 40.31 75 53.22
3638.42 75 52.75
3637.99 75 50.39
3634.72 ',15 5r.73
3634.55 75 50.99
3634.46 75 50.52
3634.36 75 50.05
3634.27 75 49,53
36 34.10 75 48.76
3633.99 75 48.20

86*
87*
88*
89 '(89A :r

90 r(

91 :*

92 :i

93 :f

94 x'

95*
96 t(

97 :r

98 {'

99*
100 *
101 *

51-1 *
5l-2 i(

51-3 *
5l-4 :t

srA054 *

STAO55 *
srA056 *
srA093 *
srA094 *

YX
41039.6 27080.7
41039.9 27090.0
41039.9 nW2.3
41039.9 270955
41039.7 27098.0
41039.9 27099.0
41039.8 27102.0
4r039.8 27r43.0
4rr29.9 27067.5
4rr29.7 21067.6
4rr29.9 27072.3
4rt29.9 27076.r
4rr29.9 27080.0
4rr29.9 27085.0
41130.0 27092.r
41129.6 27100.0
41139.8 27132.9

deg min deg min
3632.70 75 46.39
36 33.17 75 48,56
36 33.28 75 49.10
3633.42 7549.U
3633.53 75 50.44
3633.59 75 50.6
3633.72 75 5r.37
3633.78 75 51.60
3639.38 7539.29
3639.59 75 40.48
3639.82 75 4r.54
36 40.00 75 42.42
36 40.18 75 43.32
36N.4r 75M.47
3640.73 7546.10
36 41.05 75 47.94
36 43.32 75 55.2r
36 23.00 75 49.36
3622.00 75 49.30
36 10.55 75 45.52
35 50.21 75 33.38
3633.70 75 30.80
3646.m 7513.50
3647.r0 7532.00
37 29.90 75 18.30
37 38.90 75 13.20

lllgrabsamples

APPENDIX tr

A. GENERAL CHARACTERISTICS OF SAMPLES

Data not available are noted by "*"; total heavy minerals =
"THM"; gravel (particlesize>2mm) = "GRAV". Dry sample
weight is in grams. The sum of sample core lengths may be
less than described lengttr (Appendix VII) because not all core

samples provided enough heavy minerals for analysis. Ab-
breviations: AVG - average, STD - standard deviation, MAX
- maximum value, MIN - minimum value.

CORE SAMPLES

SAMPLED
CORE DRY

LENGTH SAMPLE Vo Vo Vo

SAMPLE (CM) WT SAND MUD GRAV
NAME

SAND
PHI W"IVO

MEANTHM

B01-l 140
801-2 130
802-1 r37
802-2 131
803-1 r22
803-2 122
803-3 113

5530
6247
5447
6222
5036
6038
5r4'1

3.9r
2.88
2.42
3.88
3.20
J.JJ
3.26

0
0
0
0
0
0
0
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SAMPLED
CORE DRY

SAMPLED
CORE DRY

LENGTH SAMPLE Vo % Vo PHI WTTo LENGTH SAMPLE Vo Vo Vo PHI WTVo
SAMPLE (CM) WT SAND MUD CRAV MEANTHM SAMPLE (CM) WT SAND MUD GRAV MEANTHM
NAME NAME

B04-l 289 7882
805-1 261 7522
805-2 146 6888
H0l-l r28 6329
H01-2 r37 8475
H01-3 111 637r
H02-1 86 3000
H02-2 r54 5826
HO2-3 r42 9853
H03-1 130 6272
H04-l 133 6099
H04-2 158 7882
H04-3 151 4773
H05-1 185 7031
H06-1 167 6525
H06-2 145 6569
H06-3 r52 6278
H06-4 140 5228
H07-l rr2 3607
H07-2 r28 4222
H07-3 r32 5433
H08-1 r34 5799
H08-2 r44 7567
H09-l 131 5675
H10-l 165 6524
Hr0-2 r74 7300
H11-1 189 8912
Hr2-r ro7 5749
Hr2-2 r2r 5809
H13-l 204 8324
H14-r 148 5771
Hr4-2 r42 5942
v1-1 t49 75t3
Yt-2 151 7267
v1-3 r52 44c/J.

v1-4 148 5245
Y2-I 113 4272
v2-2 r52 5530
v2-3 156 6910
v2-4 r39 6593
v4-r 190 472r
v4-2 r34 7979
v4-3 163 46M
v4-4 153 3765
v3-1 r52 7305
v3-2 r43 6432
v5-1 108 2317
v5-3 155 5565
v5-4 110 3610
v5-5 r28 &24
v6-l r47 5843
v6-2 148 7051
1090-1 165 8&9
1090-2 189 15448

0 {. 2.53
0 x( 1.96
0 * t.82
2 * 3.96
3 r' 5.10
8 {. 5.49
1 * 2.32
0 '( 1.09
0 * r.34
4 * 2.14
0 * 3.06
0 * t.37
1 {. 1.57
3 * 3.67
0 * 3.13
0 ,. 1.70
0 * t.4g
0 ,'. 0.74
1 r( 3.75

19 * 1.87
0 * 1.54
1 {. 5.52
0 " 2.85
0 {. 3.62
0 * 2.14
0 * 3.21
3 * 4.00
I * 6.88
3 '( 5.34
3 '. 2.23:fi ,( 0.52
4*TA9,( t( l.r7:r( * 0.92:f * 0.61{< x' 0.83* * 2.72:* {. I.67:r. r( 3.90* 1' 2.12* * 1.77{. :t 1.06:f, r. I.3g* * 1.35
2 * 1.42
2 * 0.50
0 * l.g5
0 ,. 1.26
1 * I.20
7 * r.44
0 * 2.49
2 * t.1L
0 {. 2.46
0 * l.gl

1091-1 150 10348
r09r-2 150 11148
1091-3 r70 13447
r092-r 236 14850
rw2-2 242 10450
10%-l 158 r4M9
1094-2 r79 13151
1095-1 160 r2g8
1095-2 150 12949
1096-1 r50 11850
1096-2 150 r3M9
1097-1 2N 17950
1097-2 180 16951
1097-3 146 L3450
1098-1 191 14849
1098-2 190 14051
1099-1 257 15550
1099-2 2W 15849
1100-1 162 12651
1100-2 180 16249
lr03-1 160 7851
rr03-2 r25 4651
1103-3 215 12851
1106-1 t45 13450
rIM-2 151 r4t48
ll07-l 165 15450
rrw-z 167 15(X8
1109-1 238 11050
1111-1 148 11450
rrrr-2 186 15110
ll16-l r93 10850
1116-2 zr7 15751
1119-1 205 19051
rrr9-2 r23 19666
rr20-r 160 12650
rr20-2 r75 15449
Itzt-r 236 r9&9
rr22-r r45 r225r
rrn-r 140 11348
rrn-z 138 11850
rr29-t r45 1648
tt29-2 r45 12849
1130-l r25 10848
rr30-2 r28 9448
1131-1 r82 15648
tt32-t r& 14450
ll34-1 l8l 16g9
1134-2 169 15997
ll36-1 150 12650
1136-2 150 12448
1136-3 185 15850
1139-l 184 13950
2000-1 160 6050
2 -2 160 9748

0 * 2.36
0 * t.1r
0 * 1.61
7 * 1.70
9 * 1.03
0 {. 1.15
0 t 1.01
0 * 2.5r
0 * 2.30
0 * 1.84
1 * 2.23
0*z.ffi
6 * 1.39
3 *< 1.26

25 * 1.79
2 x 0.59
3 {. l.1g

t7 * 1.79
0*2.&
1 i, 2.51
5 * 1.80
8 {. 1.62
2 * t.l4
0 * 3.59
0 * 2.63
0 {. 4.35
I {. 1.93
0 'r 3.09
0 * 2.76
0 {, 3.20
0 {. 4.39
2 * 4.00
0 * 2.43
0 *, 2.39
0 {. l.g5
0 * 3.05
0 4! 3.44
I {. 5.67
0 {. 5.51
0 r. 2.70
0 * 7.65
0 '( 6.11
3 * 7.17
0 * 1.96
4 * 592
1 * 6.32
0 * 8.79
0 * 6.82
0 r, g.0l
0 {. 6.42
0 * 3.34
0 :r' 2.44
0 r( 2.N
0 * 2.39

946
946
955
980
96 1

893
963
59 4r
73 27
95 1

84 16
70 30
80 19

925
85 15
81 19

75 25
66 34
78 22
54 27
19 2r
972
88 t2
82 t8
87 13

83 t7
916
98 l
952
935
:1. *

85
85
78
9r
89
92
76
87
9r
87
73
93
76
75
75
65
IJ
78
94
88
84
69
93
99
99
99
98
9T
92
90
88
83
99
96
98
95
96
92
92
82
95
86
9I
66
85
93
97
94
95
94
9r
99
78
&

l5
15

22
2
2
8

24
l3
9

t2
26

7
19

22
0

JJ

24
5
6

11

t2
22

6

8l 16**
* 

'1.

*i.
**
*t
{.*
:f*
rl. *
**
:**
*r.

2
9
8

l0
t2
t4
I
4
2
4
4
I
8

18

5
T4

6
34
1l
6
3

6
4
5
8
I

22
36

l.

93
@
88
95
94
90
94
91
83
86

t

5
34
12

5
5
J
6
7

l7
l4
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Vo Vo

MUD GRAV

49

SAND
PHI WTTo

MEANTHM

SAMPLED
CORE DRY

LENGTH SAMPLE VO

SAMPLE (CM) WT SAND
NAME

SAND
% V" PHI 'V'ITVO

MUD GRAV MEANTHM

SAMPLED
CORE DRY

LENGTH SAMPLE VO

SAMPLE (CM) WT SA}ID
NAME

2001-1 r&
2002-r r77
2002-2 162
110-1 2r5
rr0-2 161
110-3 156
115-1 184
116-1 85
1162 275
116-3 190
tr6-4 176
11G5 94
rrl-r 150
rr7-2 r40
rr7-3 145
rr7-4 150
c1-1 154
cr-2 155
c1-3 155
c14 157
c2-r 145
c2-2 155

c2-3 r45
c24 ll5
c3-1 r54
c3-2 r29
c3-3 155

c34 189
c4-L 156
c4-2 r54
c4-3 r42
c5-1 151

c5-2 155
c5-3 155
c54 r49
c6-1 155
c6-2 r54
c6-3 176
c7-t r52
c7-2 110
c7-3 lll
c8-1 72
c8-2 r77
c8-3 153

c84 131
c9-l 155
c9-2 r5Z
c9-3 r13
c10-1 r47
cr0-2 160
c10-3 r39
c10-4 r43
cl1-1 118

crt-z rr4

73 27
955
88 12
84 16
88 11

73 26
58 42
970
61 38
962
97 1

99 l
923't9 3

892
98 l
94.5 2.r
93.0 6.2
939 5.8
81.3 18.7
67.0 32.r
34.9 65.1
49.8 50.1
&.9 34.3
55.3 44.5
76.3 23.6
54.6 45.2
53.4 46.4
50.4 47.9
78.3 2r.3
94.0 6.0
87.3 7.6
74.4 25.3
75.8 23.9
65.5 30.6
51.5 46.8
18.1 81.9
58.7 40.8
73.r 24.5
65.2 32.5
60.2 39.4
83.0 5.3
88.8 rr.2
45.9 54.0
7r.3 28.3
80.2 r4.2
85.8 r4.2
75.r 24.6
57.9 40.6
69.8 29.4
79.7 19.6
58.9 40.6
88.4 5.5
94.5 4.1

0 r. 2.02
0 {. 3.75
0 * 3.01
0 r'. 2.ffi
1 " 2.2r
2 * l.4l
0 r( 0.74
3 * 0.58
1 * 0.54
2 * 2.17
2 * 0.92
0 ,( 1.66
6 * r.26
18 * 3.87
9 {, 3.95
1 *, 2.84
3.4 * 2.18
0.8 2.3r 3.r8
0.2 * 2.09
0.0 * 1.95
0.9 2.69 4.r2
0.0 * 1.80
0.1 * 2.65
0.8 * 1.41
0.3 3.25 3.99
0.1 3.r4 4.2r
0.2 3.24 3.54
0.1 3.09 3.36
t.7 * 2.65
0.4 * 2.40
0.0 x 2.66
5.1 * 2.03
0.4 * z.9l
0.3 2.61 3.5r
4.0 2.77 3.3r
r.7 2.76 4.38
0.0 * 2.55
0.5 3.19 5.78
2.4 3.05 3.r4
2.3 * 1.45
0.4 * 2.35

1r.6 2.08 3.45
0.0 3.02 6.75
0.1 2.99 3.65
0.4 3.13 3.56
5.6 2.76 4.63
0.0 2.92 3.84
0.3 2.74 3.16
r.5 2.47 3.22
0.8 3.06 4.07
0.1 3.08 4.98
0.5 3.18 4.53
6.2 * 1.88
0.9 * 1.81

cl1-3 159
c1l-4 r57
crz-L 155
c12-2 r42
cr2-3 126
cr2-4 r23
c13-1 223
cr3-2 191

c13-3 171
c14-1 r43
cr4-2 131

cr4-3 220
cr4-4 185

c15-1 188

cr5-2 2r0
c16-1 169
cr6-2 96
cr7-r 155
cr7-2 130

c17-3 89
cr7-4 100
cr7-5 150

c18-1 209
c18-2 50
cr9-l 190
cr9-2 155

c19-3 208
c20-r 258
c20-2 150

c20-3 151

c2v4 2n
czr-r 220
c22-r 150

c22-2 155
c22-3 115

c22-4 r25
c23-2 151

c23-3 155

c23-4 155

c24-r 160

c24-2 155

c25-r 155

c25-2 136
c25-3 r37
c26-r r7r
c26-2 r73
c26-3 rg
c27-r r73
c27-3 183

c28-l 159

c28-2 151
c28-3 r54
c28-4 r49
c29-r r93

37.9 62.0
56.3 43.7
89.5 rc.2
60.7 39.3
76.0 24.0
83.3 r4.9
89.5 7.3
86.8 r3.2
89.0 11.0
81.2 18.4

33.2 66.8
56.7 43.3

61.3 38.7
78.0 22.0
77.8 22.2
85.7 r3.2
70.r 29.9
88.1 11.9

70.1 29.8
50.8 49.0
79.5 20.5
58.1 4r.9
90.3 9.6
87.4 r2.2
79.8 r2.9
87.0 r2.3
90.0 9.8
4r.9 56.3
57.5 25.2
18.9 81.1
28.9 71.1
3r.7 60.4
93.5 4.4
93.9 5.4
84.5 r5.2
87.8 10.4
47.8 52.2
76.4 19.0
86.9 5.8
89.2 3.9
93.3 6.4
57;t 34.5
80.8 16.5
70.7 20.4
92.4 7.r
57.0 4r.3
24.3 72.8
44.7 52.8
46.2 4r.2
98.7 1.3
93.6 6.4
90.3 9.2
19.3 20.6
93.9 3.7

* l;13
3.04 4.47* r.gg
3.35 5.9s
3.40 5.61
3.06 5.70
3.27 6.51
3.02 6.9r
3.r9 5.36
2.97 3.80
3.2r 4.26
3.25 4.03
3.20 5.27
3.36 5.72
2.67 2.92
2.84 3.50
2.97 4.06* 2.05* 2.08* t.2g* 1.75* 0.97* 1.93* 1.11* 1.54* t.76* 2.39* t.22* 1.43* 1.59* 0.95* 1.05* t.4g* 0.41* l.3g* 1.77
2.39 3.53* 2.60
3.25 5.rr* 2.29* 2.66
1.98 1.88
2.44 3.27
256 3.08* 2.40
2.26 4.53

10048
9750

11051
7850
3950
3950
5348
3450
925r
6848
6450
1948
5&9
6351
5050
525r
666r
6332
6516
'1682

6579
6186
5802
3712
4543
4244
5087
734r
4863
5783
7339
6692
7526
7033
6290
47n
339r
5&.3
5787
4759
4291
2669
6820
5747
5615
6388
6099
52M
4808
8318
6195
5815
5&r
4900

5919
4455
6746
5474
2801
5713

10455
9619
7196
6350
4084
8595
6625
67rr
9208
7624
3937
6583
5722
32lr
3223
528r
8689
5757
7996
@35
8423

r2r3r
59s7
6511
7489
8954
6886
6157
46ffi
5913
7368
7505
8563
5552
7354
71 1l
6072
7887
8910
6898
7093
5973
7626
5817
7552
&19
6537
8102

0.0
0.0
0.3
0.0
0.0
1.8
3.3
0.0
0.0
0.4
0.0
0.0
0.0
0.0
0.0
1.1

0.0
0.0
0.1
0.2
0.0
0.0
0.1
0.4
7.3
0.7
0.2
t.7

17.3
0.0
0.0
8.0
2.2
0.7
0.3
1.8
0.0
4.6
t.J
6,9
0.4
7.8
2.7
8.9
0.5
1.8
2.9
2.5

12.6
0.0
0.1
0.6
0.1
2.4

3.53
3.08
5.62
5.32
9.r2
7.40
3.2r
2.@

3.24
3.20
2.93
3.15
3.r9
3.15
2.35
:1.



VIRGINIA DIVISION OF MINERAL RESOURCES

SAMPLED
CORE DRY

LENGTH SAMPLE
SAMPLE (CM) WT
NAME

SAND
Vo Vo PHI W'17"

MUD GRAV MEANTHM

SAMPLED
CORE DRY

LENGTH SAMPLE
SAMPLE (CM) WT
NAME

SAND
7o Vo PHI 'V,l'IVo

MUD GRAV MEANTHM
Vo

SAND
Vo

SAND

c29-2 170
c30-1 r77
c31-1 r40
c3r-2 165
c31-3 135
c3r-4 150
c32-r 156
c32-2 r54
c32-3 r44
c33-l r54
c33-2 155
c33-3 r54
c33-4 156
C34-I I7I
c34-2 153
c34-3 153
c35-l 156
c35-4 r42
c36-1 r25
c36-2 138
c36-3 136
c36-4 100
c37-L r73
c37-2 r73
c37-3 150
c38-1 156
c38-2 r54
c39-1 181
c39-2 r82
c39-3 180
c40-l r45
c40-2 153
c40-3 148
c41-r 136
c4r-2 r27
c4r-3 139
c42-r r57
c42-2 r54
c42-3 r52
c42-4 r49
c43-r r77
c43-2 r73
c43-3 167
c44-r r7'l
c44-2 r75
c44-3 r72
c45-l 145
c45-2 r45
c45-3 131
c4Gr 155
c46-2 155
c46-3 r52
c46-4 151

c47-r 195

27.0 72.9 0.2
52.r 47.5 0.5
97.8 r.9 0.3
97.r 2.5 0.5
85.6 r4.r 0.3
7r.4 28.0 0.5
86.7 r2.3 1.0
56.0 42.8 1.1
62.1 36.9 1.0
77.5 22.4 0.0
62.2 32.5 5.3
54.0 45.5 0.5
2r.3 29.3 49.4
97.7 2.0 0.3
93.8 5.9 0.3
81.1 16.5 2.4
16.6 83.4 0.1
61.0 38.9 0.0
93.2 r.9 4.9
96.7 2.0 1.3
95.8 3.7 0.s
96.5 2.2 1.3
88.6 I1.0 0.4
86.6 I1.8 1.6
84.6 15.3 0.1
84.7 r4.9 0.5
39.5 50.3 r0.2
91.7 8.2 0.1
87.3 10.1 2.6
88.3 9.8 1.9
9r.4 8.4 0.1
83.9 r5.2 0.9
89.0 10.9 0.1
91.0 8.5 0.6
62.0 34.8 3.2
96.6 3.4 0.0
7r.2 22.r 6.7
78.7 20.9 0.5
59.4 40.6 0.0
48.6 5r.2 0.2
89.1 8.5 2.4
90.8 8.7 0.4
78.1 2r.9 0.0
86.6 r3.3 0.1
93.8 6.2 0.0
84.2 r5.4 0.4
28.9 70.0 1.0
86.0 11.0 3.1
83.5 5.4 11.1
77.2 2r.6 r.2
72.4 26.3 1.3
47.r 52.5 0.4
83.6 16.0 0.4
37.9 61.3 0.8

* l.2g* 2.96
r.56 0.72
2.07 r.52
2.86 3.r4
293 3.99x 2.7r* 2.73
2.80 3.39* 1.95* 250* 2.42* 1.24
r.72 r.08
2.24 3.71* 2.14* 1.79* 1.31
r.rr 0.62
1.5r 0.73* 0.96
2.06 0.80
3.05 4.40* 2.22
2.42 2.16* l.gg* 2.32
3.09 4.40
2.45 4.r3
2.5r 2.60
3.r3 4.56
2.82 4.r8
2.67 2;15
3.07 3.86* 1.93
2.07 2.65
2.29 3.56
2.29 4.35
2.gg *
* 3.r7
2.79 638
2.50 3.55
3.07 6.72
3.09 6.49
2.44 3.50* 1.74
2.08 3.01* 2.63* 2.95
2.43 3.36* 2.20
2.0r 2.19
1.95 3.04
2.43 4.47

18.99 r.94
r7.96 4.43
83.36 49.36
0.30 0.00

2.67 2.8''t
0.54 1.66
3.40 9.r2
1.11 0.41

669r
5162
5757
636r
52n
$n
63M
5486

1 1583
6265
7031
5ffi
5610
6675
8136
7062
6198
6189
7861
6703
3207
5024
9625
9367
7881
7625
5232
8&2

11016
6805
5965
5942
4916
5733
4435
6148
6202
7423
6223
5803
7165
496r
6385
7886
5891
4742
4886
5272
8007
7r07
70/i9
5843
7186
8006

c47-2 160 &6 &.4
c48-1 188 8141 96.5
c48-2 202 7573 91.9
c48-3 195 9661 96.2
c48-4 118 3750 93.8
c49-r 161 8588 98.8
c49-2 r54 8152 92.3
c49-3 r42 6892 89.7
c49-4 rt7 4365 70.5
c50-1 r54 4832 36.8
wB063-1 105 4867 92.0
w8063-2 152 5720 87.3
wB063-3 153 5667 78.8

suM 454302232476
AVG r57 7698.19 79.07
sTD 31 3407.28 18.30
MAX 289 19666.46 99.13
MrN 50 1948.00 16.58

24.4 11.1 i.

1.5 2.0 *
r.9 0.3 r.G
2.5 r.4 1.48
2.4 3.9 *
r.2 0.0 r.46
4.5 3.2 r.57
6.3 4.0 *

22.6 6.9 r.99
63.2 0.0 '*

7.9 0.1 *
t2.7 0.0 *
2r.r 0.1 {.

r.62
0.89
0.91
0.74
r.79
1.00
0.82
r.66
4.r4
2.66
2.0'l
2.r3
2.53

B. GRABSAMPLES

SAMPLE NAME
DRY
SAMPLEWT

WTVo
TI{M

1

2
J
4
5
6
1

8
9
10
11
t2
13

T4

l5
22
23
24
25
27
28
29
30
31
32

5139
8707
3681
4224
5219
5754
4819
7372
6865
4550
7r28
2436
2323
5399
3551
L'7ffi
1892
2226
3025
3369

915
2016
3967
1986
329r

7.28
6.08
5.29
9.30
7.62
2.29
2.r0
r.67
1.74
7.68
1.53
8.13
3.01
5.51
5.94
4.53
r.99
3.78
5.&
0,73
2.69
4.33
7.00
3.03
8.06
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SAMPLE NAME
DRY
SAMPLE WT

WTTo
THM

DRY
SAMPLE WT

'lNTVo

THM

93
94
95
96
97
98

100
101

SUM
AVG
STD
MAX
MIN

33
34
35
36
39
40
4l
42
43
44
45
46
47
48
49
50
51

52
53
54
55
56
57
58
59
60
6I
62
63
&
65
66
67
68
69
70
7I
72
t)
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
89A
90
9r

2rffi
2135
2443
7242
4873
4037
4940
4807
6902
487r
3058
5008
5440
7457
4147
522r
73r0
6758
4421
8332
5705
4445
5r9't
452r
4225
32ffi
4354
6037
5352
4969
7957
445r
9247
7737
3984
8017
52W
5858
3682
3265
63@
9407
368s

10006
9230
5224
3ffi7
7652
7693
&50
5742
5499
4884
4tt4
4047
73M

I 1051
6650

5.r2
7.70
7.r2
9.07
8.35
5.25
8.62

11.06
2.94
4.t2
2.35
6.80
6.18
9.39
6.32
6.30
6.49
5.90
7.79

14.66
7.87
7.95
7.79
5.44

TI.O2
4.5r
6.08
2.93
3.65
5.32
1.53
6.79
2.55
1.14
0.83
0.65
l.l9
r.94
4.92
4.40
0.55
0.48
1.51
1.04
0.14
4.74
4.39
1.31
0.70
0.51

10.75
r.31
4.16
0.44
5.22
4.38
0.80
4.52

STAO54

STAO55

STAO56

sTA093
STAO94

51-1

5r-2
51-3
514

5074
5806
6034
6635
6323

r9715
t4692
19892
17330

583373
5833

32r0
19892

915

SAMPLENAME

SAND

SAMPLE DRY Vo 4o 4o PHI 'V'l'l7o

NAME SAMPLEWT SAND MUD GRAV MEAN THM

0.97
0.82
0.42
0.79
t.t2
6.25
4.48
3.47

629r
8021
7902
6542
6502
7250
5395
47ffi

t:t:f,

*:t:*
***

97.r 2.8 0.1

98.0 r.4 0.6

98.3 r.4 0.3

94.r 5.9 0.0
96.8 3.0 0.2

*'t;*

96.8 2.9 0.3 2.49 4.43
1.7 1.8 0.2 0.30 3.t4

98.3 5.9 0.6 2.80 14.66

94.r r.4 0.0 2.20 0.08

2.20 5.12
* 0.50
* 0.83

2.80 5.64
2.47 7.45
* 0.79
* 0.09
* 0.09
* 9.99
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EXPLANATION OF MINERAL COMPOSITION SAMPLE WT 7O WT VO 
'Y'IT 

VO 'V'IT 7O

DATA for Appendices III,IV, and V NAME MAc IL cAR EP

WT%o WTVI
STAUR PYROBOLE

"P" means severalgrains of the mineral were observed, thatis,
the mineral was present in the sample.
Mineral names not spelled completely in column headings
have been abbreviated as follows: IL = ilmenite, MAG =
magnetite and an undetermined amount of titanomagnetite,
GAR = garnet, EP = epidote, STAUR = staurolite, PYROB-
OLE = pyroxene and amphibole minerals combined, SILL/
KY = sillimanite and kyanite, TOURM = tourmaline, LEUC
= leucoxene, MONA = monazite.
"ECON" is the sum of the weightpercents of ilmenite, rutile,
leucoxene, sillimanite/kyanite, monazite, and zircon.
"RI{M" indicates recovered heavy minerals.
"THM" indicates total heavy minerals.
"*" indicates data not available.
"<0.01" indicates less than 0.0l%o.
"STD" is the standard deviation.
"AVG" is the average.

APPENDIX III

MINERAL COMPOSITION OF SAMPLES

CORE SAMPLES

SAMPLE WT % WT VO WT VO WT 7O W'I VO WT 7O

NAME MAG IL GAR EP STAUR PYROBOLE

801-1 9.36
801-2 7.06
B02-l 5.44
802-2 5.40
B03-l 4.70
803-2 7.01
803-3 4.95
804-1 5.25
B05-l 4.83
805-2 5.05
Hol-l 3.15
H01-2 9.26
H01-3 11.00
H02-1 3.96
H02-2 9.28
H02-3 4.00
H03-1 4.37
H04-1 7.74
H0/.z 10.82
H04-3 13.11
H05-1 8.67
H06-1 6.45
H06-2 3.36
H06-3 2.40
H06-4 5.25
H07-1 8.04
H07-2 3.33

14.30 15.01 9.42
14.70 20.42 8.84
19.96 25.41 5.87
20.09 15.99 8.14
16.7t tL.37 11.91
13.69 18.71 9.06
15.23 14.38 7.08
12.60 14.80 8.10
2r.03 17.06 8.37
25.54 12.42 7.5r
29.89 22.02 8.10
17.22 17.52 4.73
r7.39 9.32 3.80
15.86 r2.r4 6.39
20.44 8.89 7.50
13.39 tt.76 4.63
r7.r5 12.49 5.46
15.32 16.07 8.58
13.24 8.52 3.9L
14.84 11.60 7.62
15.89 5.02 6.43
14.35 9.44 6.9r
20.23 19.09 7.82
15.31 14.20 6.65
10.02 11.81 7.45
19.23 17.29 7.60
13.19 18.54 4.33

H07-3 12.80
H08-1 7.28
H08-2 9.09
H09-1 r7.07
H10-1 17.56
H10-2 18.03
Hl1-1 10.78
Hl2-l 6:68
Hr2-2 8.09
H13-1 9.35
Hl4-l 4.20
Hr4-2 1236
v1-1 2.69
vr-z t.42
V1-3 T.M
vl4 1.68
vz-r 4.07
v2-2 3.09
v2-3 0.51
v2-4 1.68
v4-1 5.72
v4-2 0.85
v4-3 2.2r
Y44 2.21
v3-1 2.34
Y3-2 0.81
v5-1 3.03
v5-3 1.55
v5-4 3.10
v5-5 8.86
v6-1 6.92
v6-2 4.28
1090-l 8.30
1090-2 5.13
1091-1 3.67
r09r-2 2.57
l09l-3 6.t4
r092-r 0.85
1092-2 0.76
1094-1 3.24
1094-2 r.36
r095-1 10.29
1095-2 1.15
1096-1 5.82
1096-2 2.83
1097-1 5.62
1097-2 1.15
1097-3 1.25
1098-1 0.75
1098-2 r.43
1099-1 6.62
1099-2 1.40
1100-r 10.58
1100-2 2.78
1103-1 2.55
rr03-2 r.37
rr03-3 12.07

9.92 12.22 6.93
20.72 14.97 6.47
14.52 16.& 7.80
7.65 14.76 5.20
9.36 12.73 7.74
8.76 15.05 6.24

15.48 19.57 7.6r
20.71 15.84 5.4r
12.69 11.58 4.88
20.24 6.75 2.22
14.59 20.26 8.96
9.25 rr.34 4.83

19.44 17.81 8.49
50.7r 6.69 12.80
45.72 2.54 12.81
56.22 6.29 6.12
23.85 15.24 7.40
45.22 9.76 9.11
37.16 14.73 15.08
50.09 4.82 7.5r
23.83 12.95 4.96
38.30 9.62 9.92
32.38 10.96 r7.r4
45.16 8.87 13.37
32.5r r2.7r 7.18
36.21 3.37 15.10
18.17 15.98 8.77
42.75 6,65 r2.r8
44.27 5.72 13.65
45.79 9.50 3.69
24.09 18.17 4.01
24.97 14.86 7.81
26.15 14.81 9.05
25.84 16.38 9.67
24.rr 15.31 8.10
30.41 14.36 8.63
37.86 10.46 6.19
45.28 9.81 13.01
46.82 3.69 r4.9r
36.10 13.20 7.20
47.67 9.06 10.53
23.13 18.31 6.16
46.39 4.67 16.89
25.74 13.69 10.06
39.03 8.67 18.06
30.25 14.61 9.00
46.66 5.15 r7.6r
53.25 8.56 4.52
49.89 5.39 15.01
60.33 2.0r 6.96
34.19 12.61 8.61
5r.02 6.31 11.53
24.72 13.15 5.16
45.03 7.06 10.58
38.& 14.57 6.16
40.50 12.30 7.54
2r.50 18.01 7.39

0.03 32.10
0.07 29.19
0.07 28.&
0.31 20.35
0.11 22.97
0.44 r9.r7
0.01 28.73
0.27 24.34
0.22 20.59
2.30 20.94
3.27 22.22
2.82 17.86
0.19 33.27
2.34 11.45
3.81 17.42
1.86 9.r3
0.95 28.45
0.63 10.55
1.95 13.53
0.85 1r.62
r.23 3r.79
2.48 22.49
1.35 18.03
l.t1 tt.2r
252 19.32
2.59 22.50
2.r9 23.85
2.97 17.57
1.81 13.28
2.8L 10.54
0.35 22.8r
r.44 22.39
0.39 23.17
0.79 22.06
0.52 25.00
0.38 17.26
0.90 15.72
1.48 r3.r2
r.23 11.84
1.13 19.94
0.62 rr.02
0.81 20.6r
2.29 9.85
0.77 26.12
r.25 14.07
0.80 2r.33
1.41 10.96
0.76 14.22
2.63 12.70
r.34 12.44
0.76 17.69
1.48 r0.t9
0.58 27.44
r.@ 16.47
0.77 23.49
0.51 17.34
0.66 22.52

0.28
4.33
3.37
0.2r
0.r0
4.25
0.39
0.56
6.14
4.86
2.77
0.06
2.54
0.37

P
0.27
0.73
0.07
6.72
0.71
0.34
0.06
4.52
0.03
0.29
0.35
2.94

27.57
24.67
19.36
30.10
34.23
30.45
22.r4
30.74
2r.62
18.66
11.70
26.r2

9.65
26.30
27.77
23.92
3r.75
26.94
34.81
23.98
27.76
3r.&
18.63
27.99
28.39
27.r2
32.81
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WT Vo 'V'lT 
Vo

STAUR PYROBOLE

PUBLICATION 103

1106-1
1106-2
1107-l
LL07-2
1109-1
1111-1
Lttt-2
I I 16-1
1t16-2
I 1 19-1
rrr9-2
rr20-L
rr20-2
tt2t-l
rt22-L
lt27-l
ttn-2
tt29-r
rr29-2
l 130-1
rr30-2
I 131-1
rr32-l
1 134-1
rt34-2
I 136-1
r136-2
I 136-3
1 139- 1

2000-1
20ffi-2
2001-1
2002-r
204-2
I l0-l
tt0-2
1 10-3
1 15-1
116-1

3.78
4.67
4.00
5.07
7.27

12.52
10.98
13.45
9.73
4.89
6.97
4.41
8.29

15.07
13.18
13.28
7.22

12.25
13.83
18.35
10.01
27.58
20.7r
12.t2
15.29
11.98
11.98
8.19
4.98
3.28
2.54
3.77
5.07
4.72
3.54
7.16
1.60
t.2r
0.90
0.75
1.38
0.37
0.23
0.29
0.07
0.09
0.14
0.29
0,67
0.65
0.70
4.21
3.7r
3.67
1.58
4.72
5.16

0.05
1.19
1.03
0.60
0.88
0.13
0.25
0.46
0.51
0.84
0.34
0.85
o42
1.00
0.62
0.76
0.04
0.34
0.48
0.16
0.13
0.33
0.32
0.52
0.20
0.50
0.2r
0.65
0.81
0.22
0.06
0.33
0.29
0.39
r.46
0.46
2.78
2.74
3.28
2.50
2.70
2.37
2.04
3.r7
3.13
2.68
3.76
3.52
7.72
1.80
1.86
r.27
0.69
3,67
3.86
0.59
0.r2

16.22
24.50
24.53
31.65
25.25
2292
16.84
2r.73
18.44
27.59
22.53
27.70
t6.12
r7.90
21.T8
22.21
20.32
22.35
25.r2
16.67
23.44

9.78
16.23
11.35
14.38
15.71
16.48
19.26
25.0r
26.rr
30.57
29.24
15.74
23.09
19.94
28.35
33.65
26.20
28.20
23.09
19.2r
20.77
24.26
30.09
19.30
24.08
32.50
10.75
33.54
30.95
39.82
18.11
20.84
31.30
r7.79
20.49
12.76

r6-2
l6-3
r6-4
l6-5

lt7-l
tt7-2
rr7-3
tr1-4
c1-1
cr-2
c1-3
cr4
c2-l
c2-2
c2-3
c24
c3-1
c3-2

37.70 22.82 7.69
29.36 20.n 7.10
30.76 17.18 6.55
19.67 19.9r 6.98
22.70 15.94 10.86
24.43 17.48 6.26
29.74 19.42 6.08
25.36 r5.2r 5.6
27.9 17.18 6.12
2r.87 20.14 7.07
28.19 19.36 4.85
24.62 16.08 8.01
32.17 20.13 5.62
2r.04 2r.66 1.60
27.39 13.92 7.39
24.63 17.10 5.51
28.96 15.72 9.49
23.13 16.71 8.69
18.66 15.93 7.88
21.58 2r.30 6.54
23.0r r4.2t 9.11
26.69 10.79 6.68
2r.69 18.36 5.r4
33.99 2154 3.57
30.93 19.10 3.51
28.72 19.54 3.18
28.09 15.74 7.23
29.35 19.01 8.10
26.& 22.& 4.65
26.55 16.97 9.6r
2r.59 L7.rr 8.66
20.24 18.92 8.61
29.15 17.49 9.24
29.41 13.72 t0.77
32.48 12.77 8.34
18.77 r7.97 9.98
20.25 15.16 9.40
28.03 16.83 6.19
31.50 14.06 7.52
3r.& 14.78 6.13
35.92 13.50 10.10
36.39 13.97 6.34
3r.24 r5.2r 7.60
29.86 r5.r2 5.09
27.72 30.70 4.54
28.32 27.00 5.09
22.80 23.07 6.55
29.94 22.57 5.35
r7.44 15.46 5.54
17.08 20.91 5.94
15.87 15.13 4.82
27.13 23.98 4.9r
19.63 2r.77 6.09
20.60 15.93 4.97
25.0r 18.05 6.50
10.67 19.11 9.62
20.9r n.98 5.35

c3-3 7.56
c34 2.48
c4-r 5.00
c4-2 2.rr
c4-3 r.66
c5-1 L&
c5-2 2.98
c5-3 4.18
c54 9.25
c6-1 5.13
c6-2 6.3r
c6-3 r2.&
c7-1 9.96
c7-2 1.84
c7-3 13.01
c8-1 4.78
c8-2 15.33
c8-3 10.01
c84 17.87

c9-1 8.47
c9-2 4.3r
c9-3 6.23
c10-1 5.88
c10-2 15.?8
c10-3 14.35
c10-4 14.36
cl1-1 t.49
crr-2 0.80
cll-3 8.49
crr-4 7.37
CI2-T TI.2O
cr2-2 20.32
cr2-3 23.36
cr2-4 25.36
c13-1 6.03
cr3-2 7.00
c13-3 7.07
c14-1 13.45

ct4-2 15.33
cr4-3 14.16
cr4-4 22.23
c15-1 13.16
cr5-2 23J2
c16-r 13.02
cL6-2 13.67
c17-r 9.&
cr7-2 16.24

cr7-3 16.05
cr7-4 17.79
crl-s 22.83
c18-l 3.89
cL8-2 5.13
c19-1 13.42
cr9-2 5.72
cr9-3 r.26
c20-r 2.75
c20-2 4.r2

19.59 r7.74 7.80
29.90 16.26 5.51
t7.34 23.45 4.99
14.76 r4.t3 8.89
18.43 20.78 6.01
29.47 18.19 7.81
11.95 14.24 5.06
11.15 15.86 8.85
10.91 16.66 8.48
20.48 17.27 9.67
17.09 2r.36 3.53
8.9r 22.72 4.26

19.80 24.24 5.75
32.86 3r.94 4.90
24.62 21.77 6.38
30.41 16.95 5.04
10.70 19.11 '7.17

8.95 23.21 4.65
7.91 2r.r5 6.23

2r.t7 9.81 9.05
2r.9r r7.45 5.68
20.63 11.03 12.6r
26.28 25.34 6.85
9.89 13.03 10.29
9.50 16.26 7.36
6.70 r2.r4 5.85

17.79 14.r4 5.10
15.44 '7.87 3.61
14.90 20.00 2.62
19.73 14.55 6.59
15.53 26.46 15.50
9.63 13.37 11.55

14.76 16.84 5.82
8.14 19.82 9.50

15.26 19.26 10.77
rr.44 17.04 9.57
12.58 15.32 4.28
9.36 15.85 7.04
6.47 r2.-t0 5.19
9.07 rr.25 11.56
3.28 18.36 6.22

12.47 9.99 rr.23
7.32 r4.7r 9.34

13.61 19.59 13.96
3.3r 14.30 8.23

15.47 16.53 14.36
8.30 r7.37 7.r3
5.16 13.63 7.r3
6.81 16.05 11.66
4.03 17.06 6.22

10.79 rr.02 7.69
8.86 20.23 14.00

13.38 rr.22 7.3r
13.82 14.45 12.86
17.83 14.77 12.04
26.49 10.05 4.93
23.58 r3.7r 8.09

0.81 10.55
0.19 13.63
2.07 29.73
1.84 38.22
0.15 23.40
4.87 19.83
1.00 38.42
4.57 35.23
5.73 24.74
5.36 22.73
1.10 27.13
4.89 24.40
0.88 22.U
5.76 8.76
0.80 17.6r
0.16 22.26
4.34 25.32
0.90 35.93
0.90 28.65
2.99 29.10
r.23 33.58
2.79 19.35
1.10 17.29
2.07 29.t3
4.r3 16.68
r.39 24.97
3.& 35.86
4.78 4526
0.26 19.48
0.22 t7.91
r.45 t7,67
1.85 19.86
r.34 15.49
3.33 12.12
7.79 2r.77
1.15 28.93
0.52 27.47
1.65 37.40
0.36 31.01
4.24 19.86
0.56 27.10
3.03 30.55
6.39 2r.93
8.84 1r.52
6.21 33.05
3.61 20.59
P 22.88
r.r7 30.96
1..22 29.02
1.19 24.82
1.91 39.39
4.61 24.6r
3.07 29.52
5.78 28.16
6.17 29.3r
3.62 30.00
3.69 18.92
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SAMPLE WT 70 WT VO WT VO WT 7O

NAME MAG IL GAR EP

VIRGINIA DIVISION OF MINERAL RESOI.JRCES

WT % WT Vo SAMPLE WT % WT 9o W"f%o WT Vo

STAUR PYROBOLE NAME MAG IL GAR EP

WT Vo 'Y,lT 
Vo

STAUR PYROBOLE

c20-3 6A7
c204 r3.r7
c2r-r 5.29
c22-r 2.81
c22-2 3.23
c22-3 9.4L
c224 5.55
c23-2 5.02
c23-3 1.91
c23-4 0.49
c24-r r.70
c24-2 4.68
c25-r 0.43
c25-2 0.84
c25-3 0.53
c26-t 4.37
c262 6.9s
c2G3 r7.r7
czl-r 5.07
cz7-3 0.69
c28-l 0.35
c28-2 5.82
c28-3 5.26
c28-4 4.r2
c29-r 2.65
c29-2 r.43
c3G.r 2.26
c3r-l 0.51
c3r-2 r.20
c31-3 5.53
c3l-4 9.62
c32-r 4.79
c32-2 7.66
c32-3 9.98
c33-1 7.52
c33-2 1.92
c33-3 9.M
c33-4 5.24
c34-L 0.42
c34-2 3.14
c34-3 6.44
c35-1 3.02
c35-4 1.95
c36-1 0.90
c36-2 0.48
c36-3 1.10
c36-4 2.03
c37-r 11.57
c37-2 0.69
c37-3 1.88
c38-1 6.98
c38-2 0.92
c39-l 9.77
c39-2 r.37
c39-3 1.30
c40-l 10.55
c40-2 3.84

18.61 4.54 r5;t5
2r.74 4.t5 12.78
22.12 14.20 13.09
25.96 9.r7 1.55
24.30 r2.& 5.13
20.86 14.05 8.19
24.99 11.50 4.46
2r.24 15.83 8.50
24.34 r4.r4 5.74
24.03 11.68 4.58
28.92 r3.4r 1.rL
24.97 r2.M 8.41
35.22 7.85 9.90
35.87 8.30 8.09
27.6r 13.34 8.57
33.39 6.59 12.52
19.76 10.47 7.67
8.47 13.41 6.82

18.69 8.71 10.83
44.43 10.58 5.97
34.13 10.80 9.48
26.08 9.51 7.06
18.20 16.89 7.98
28.67 6.53 9.r2
39.62 10.20 6.68
3r.61 7.00 892
24.22 rr.Z4 8.59
34.59 9.53 6.88
36.77 4.77 10.96
30.61 14.27 7.66
13.02 12.23 12.92
27.79 8.15 7.34
16.24 13.54 8.92
24.02 10.40 10.35
13.39 10.45 9.23
r3.0't 12.36 8.88
13.20 12.26 10.87
24.95 10.96 1.9r
3291 10.70 5.88
32.86 12.34 ',7.40

r7.g 10.05 9.08
20.55 10.40 6.32
29.82 8.66 9.02
41.83 18.96 6.44
34.89 11.83 5.39
40.04 10.63 6.73
26.01 11.89 5.89
13.50 18.23 8.99
26.93 16.73 8.68
30.55 rr.43 3.80
r4.r7 12.68 6.1r
19.75 16.99 9.74
r8.74 16.53 4.00
2r.36 15.72 8.91
29.26 18.63 4.06
19.23 16.07 r0.10
22.96 11.15 4.80

c40-3 r.20
c4l-1 8.96
c4r-2 2.70
c4r-3 2.53
c42-r r.62
c42-2 3.07
c42-3 3.33
c42-4 1.90
c43-l 10.23
c43-2 1.51
c43-3 4.44
c44-r 9.05
c44-2 0.40
c44-3 3.07
c45-1 4.00
c45-2 r.20
c45-3 0.84
c46r 3.69
c4G2 r.r4
c46-3 2.8r
c46-4 1.11
c47-r 6.49
c47-2 0.43
c48-1 0.49
c48-2 0.77
c48-3 r.07
c48-4 0.85
c49-r 0.69
c49-2 0.50
c49-3 0.83
c49-4 0.62
c50-l 2.03
wB-
063-1 0.24
063-2 0.67
063-3 2.0r

Avc 6.03
srD 5.37
MAX 27.58
MIN O.O7

25.74 14.87 6.6r
19.92 19.92 13.25
20.79 11.98 10.89
25.50 14.00 4.10
34.40 11.50 r0.2r
3r.44 13.40 7.75
31.18 20.43 9.26
49.40 5.45 7.45
5.11 21.39 24.35

28.84 14.77 7.69
18.49 18.21 3.40
14.45 r4.t7 7.09
21.87 17.28 10.48
24.32 rr.47 6.16
13.30 19.27 rr.75
16.99 13.92 12.31
22.21 13.95 5.28
19.62 r7.g 10.04
22.84 14.30 8.07
17.80 12.99 5.76
29.17 r4.r5 8.14
18.15 14.37 8.80
33.49 10.83 8.53
29.rr 14.09 14.36
r6.89 15.2r 10.54
27.7r 13.83 8.50
29.65 16.92 5.73
28.89 r0.56 r0.32
30.27 9.58 12.44
25.rr 9.53 7.99
2r.7r 14,72 11.86
20.40 4.28 4.46

39.20 4.74 17.24
40.78 4.70 10.52
35.& 2.& r5.7r

24.0t 14.42 8.10
lo.7r 4.95 3.r4
60.33 3r.94 24.35
3.28 2.0r 1.60

1.56 3r.43
3.47 r4.r9
382 16.53
2.2r 32.40
3.59 18.08
1.85 2r.65
4.88 10.48
2.66 13.35
8.86 1r.63
2.49 2r.97
2.22 33.12
2.93 32.46
4.74 20.12
7.00 23.30
6.53 24.63
5.72 26.76
2.90 22.70
3.7r 22.37
4.44 2't.48
4.84 26.92
3.23 2r.86
2.67 21.94
5.08 18.7r
6.38 15.22
A.ffi 22.29
5.70 17.69
5.91 18.64
6.48 17.97
8.55 16.16
3.47 33.40
4.63 23.87
2.94 6.43

3.73 18.50
2.6r t6.2r
2.26 15.29

2.28 22.79
r.95 696
9.43 45.26
0.00 6.43

9.43
1.98
3.37
2.82
r.6
3.78
4.20
2.22
2.54
2.9r
2.r7
6.90
3.30
2.84
2.84
2.60
2.rr
2.75
r.76
2.02
3.87
3.10
r.93
1.98
2.75
1.56
4.75
3.28
3.36
4.15
5.14
0.42
3.98
1.30
2.65
1.06
2.24
r.62
r.96
3.54
r.43
1.00
3.34
5.01
5.05
2.40
4.79
2.93
2.79
3.87
2.53
3.3 r
0.81
0.13
2.18
4.66
1.84

15.36
18.54
16.54
28.80
3r.32
22.63
29.44
29.93
33.14
21.96
25.r5
19.96
19.44
16.51
18.55
18.97
24.98
25.90
3l.l I
13.76
20.96
25.47
2r.39
2r.76
16.99
26.50
22.09
26.8r
19.05
13.96
22.57
29.83
24.26
20.08
27.56
26.97
2r.20
20.18
31.74
19.13
31.16
22.95
18.33
11.08
22.53
19.16
23.76
2r.83
22.79
25.74
35.29
t5.77
3r.43
37.79
29.39
19.00
34.39

SAMPLE WT %

NAME RUTILE
WT% WT% WTTo WTE, WTV"

SIL/KY SPHENE TOURM LEUC MONA

B0l-1 0.9'7
801-2 0.59
802-1 1.04
802-2 0.&
B03-l 0.56
803-2 0.70
803-3 1.68
B04-l 0.94
805-l 0.65
805-2 1.81

0.85 0.51 0.5'7
1.01 r.75 0.25
r.66 r.54 0.19
0.55 0.57 0.28
0.73 0.59 1.09
r.20 0.40 0.72
1.06 0.12 r.29
0.50 0.00 0.33
3.31 092 0.18
3.01 1.85 0.40

0.78 P
0.58 0.r2
0.25 0.46
1.86 0.15
0.86 0.05
0.70 0.04
T,7O P
0.74 P
0.54 0.51
0.70 0.99



PUBLICATION IO3

SAMPLE WT 70 'V'IT VO Y'IT 7O WT VO

NAME RUTILE SIL/KY SPHENE TOURM
WT Vo 'V,lT Vo

LEUC MONA
SAMPLE WT 7o WT Vo WT 7o W"l V" WT Vo 'V'lT Vo

NAME RUTILE SIL/KY SPHENE TOURM LEUC MONA

H01-1 0.75
H0l-2 r.25
H01-3 2.6
H02-r 0.86
IJ02-2 P
H02-3 1.05
H03-1 0.78
H04-1 1.50
H04-2 0.70
H04-3 0.97
H05-l r.27
H06-1 0.53
H06-2 r.77
H06-3 0.60
H06-4 0.96
H07-l 0.71
H07-2 1.11
H07-3 0.97
H08-r 0.58
H08-2 0.88
H09-1 0.20
H10-1 0.26
Hr0-2 0.61
Hll-1 r.08
Hrz-r 0.42
Hr2-2 0.20
Hl3-l 0.84
Hl4-l 0.98
Ht4-2 t.1r
v1-1 1.58vr-z r.93vl-3 r.37
v1-4 1.69
vz-r 0.69
v2-2 2.25
Y2-3 r.25
v2-4 r.62
v4-1 0.50
Y4-2 2.09
v4-3 1.59
v4-4 2.08
v3-1 r.37
v3-2 r.89
v5-1 0.91
v5-3 l.6l
v5-4 r.99
v5-5 r.37
v6-1 1.38
v6-2 r.59
1090-1 0.94
1090-2 r.23
1091-1 0.56
L09r-2 r.63
1091-3 2.3r
r092-L r.7l
1092-2 1.93
r094-r r.26

3.r2 1.14
0.24 0.14
2.83 r.44
1.68 0.26
1.75 0.63
3.93 0.46
1.31 1.08
0.67 0.29
3.9r 0.70
0.57 0.45
1.15 0.61
0.59 0.44
3.69 t.r1
0.81 0.00
0.90 0.38
0.57 0.50
r.57 0.56
0.32 0.03
0.18 032
0.70 0.15
r.57 0.47
1.50 0.47
0.53 0.46
0.14 0.14
0.49 0.72
0.86 0.60
3.24 0.98
1.15 1.03
5.19 2.04
0.59 0.05
2.20 0.32
3.02 0.17
0.76 0.05
1.58 0.41
0.75 0.18
3.81 0.21
0.84 0.59
0.80 0.39
r.43 0;t'7
1.89 0.22
r.43 0.25
1.85 0.18
3.83 0.28
0.62 0.56
293 0.43
r.r7 0.29
1.50 0.13
0.14 0.r7
0.06 0.03
0.31 A.23
1.04 0.52
0.81 0.88
r.02 0.32
0.92 0.21
1.61 0.00
r.32 0.ll
0.60 0.44

o.n 1.80
l.16 0.43
0.r2 0.30
0.19 r.52
0.23 0.12
1.16 0.85
0.67 1.98
1.48 0.81
0.05 0.05
0.95 1.53
0.10 r.23
0.26 0.23
0.18 0.57
1.35 0.50
0.56 1.55
0.66 1.15
r.32 0.23
0.58 0.37
0.2r 0.71
0.83 0.29
1.83 0.45
0.79 0.68
0.79 0.99
0.50 0.58
0.05 0.68
0.50 0.55
1.38 1.80
r.96 0.93
0.41 0.33
0.5r o.7r
0.73 1.90
0.06 2.r7
0.98 3.31
0.52 1.r8
0.28 r.77
0.34 1.80
0.16 r.42
0.62 1.70
0.10 1.86
0.85 2.6r
0.35 3.02
0.46 5.39
P 1.06
1.31 r.73
0.36 2.24
t.rz 1.40
0.88 3.50
0.44 0.39
r.79 0.45
0.32 0A4
0.57 1.33
0.73 r.43
0.09 1.98
0.79 1.16
0.16 r.37
0.79 3.15
0.65 1.33

1094-2 1.56
1095-1 0.68
1095-2 r.95
1096-1 0.36
1096-2 1.63
r097-r 0.67
1097-2 r.23
LW7-3 2.12
1098-1 1.34
1098-2 1.51
1099-l r.52
1099-2 r.66
1100-1 0.66
11m-2 r.25
1103-1 0.&
1103-2 1.36
1103-3 r.2r
l106-1 0.81
1106,-2 0.85
1107-1 0.66
rrol-2 1.43
1109-1 0.47
1111-1 1.19
rrrr-2 0.91
1116-r 0.96
rtr6-2 2.t0
1119-1 1.35
rrt9-2 1.35
rr20-r 1.09
rr20-2 1.05
1121-1 0.94
rr22-r 0.90
rrn-r 0.89
rr21-2 0.55
rr29-r 0.86
rr29-2 0.79
1130-1 0.59
rr30-2 0.45
n3r-r 1.06
rt32-r 0.68
1134-1 r.79
1134-2 0.95
ll36-1 1.13
tr36-2 0.61
1136-3 1.09
1139-r r.23
2000-l r.34
20[n,-2 r.45
2001-l r.23
2c02-r 0.49
2002-2 0.31
110-l 1.58
rt0-2 l.2l
r10-3 1.15
115-1 r.52
11G1 1.69
116-2 2.05

1.48 0.21
0.46 0.39
1.40 0.48
0.98 0.26
r.27 0.16
0.99 0.22
r.36 0.44
0.82 0.28
2.25 0.45
2.22 0.36
0.63 0.30
2.08 0.32
0.93 0.65
1.85 0.10
0.61 0.27
1.18 0.24
0.85 0.04
0.68 0.28
0.36 0.24
0.17 0.41
0.75 0.49
0.22 0.37
0.46 0.23
0.00 0.32
0.50 0.62
0.39 0.13
0.20 4.27
0.40 0.28
0.98 0.13
0.23 0.17
0.36 0.13
0.55 0.34
0.25 0.27
0.67 0.r7
0.64 0.79
0.68 0.86
0.51 0.49
0.47 0.28
0.48 0.34
0.52 0.63
0.20 0.39
0.5s 0.36
0.43 0.27
0.2r 0.55
0.28 0.2r
0.91 0.63
0.96 0.48
1.03 0.25
0.59 1.00
0.44 0.21
0.44 0.47
0.72 0.05
0.81 0.09
1.45 0.93
l.l9 0.91
2.31 0.56
r.78 0.35

0.56 r;tr
0.61 r.02
0.55 r.47
0.66 0.86
0.18 r.35
0.34 1.08
0.99 2.r3
0.45 1.95
0.05 2.20
0.02 2.0r
0.67 2.r0
0.47 1.31
0.33 1.00
0.09 0.83
0.30 r.23
0.44 3.r2
0.55 1.31
0.32 0.77
0,20 0.43
0.5s 0.79
0.35 r.r7
0.74 0.96
0.23 0.82
0.97 0.71
0.11 0.75
0.48 0.36
0.91 0.93
0.90 0.35
r.27 0.55
0.06 r.07
P 0.80
0.7r 0.84
P 0.90
0.54 r.23
4.22 1.01
0.32 0.19
0.29 0.58
0.35 0.91
0.30 0.70
0.44 0.84
0.24 0.30
0.06 0.57
0.59 0.99
0.31 0.73
0.51 0.48
048 r.62
0.29 1.88
0.39 r.42
0.30 r.75
0.45 0.2r
0.80 0.89
0.49 0.52
0.46 l.l0
0.47 r.2r
1.00 1.03
0.08 2.16
0.54 2.66

1.15
0.06
t.44
0.14
0.45
P

0.33
P
P
P

0.r2
P

0.15
P
P

0.06
P

0.03
0.14
0.02
0.05
0.01
0.06
P

0.09
P

0.37
0.59
r.09
0.05
0.36
0.33
0.29
0.15
0.04
0.29
0.05
0.08
0.04
0.11
0.09
0.10
0.&r
0.03
0.30
0.03
0.16
0.04
0.03
P

0.07
2.47
0.15
P

0.13
0.05
0.01

0.01
P
P

0.05
0.03
P

0.09
P

0.13
0.16
0.01
0.25
P

0.01
0.01
P

0.r 1

0.09
P

0.r2
0.19
P

0.03
0.03
0.10
0.1l
0.22
0.05
0.23
0.03
0.M
0.09
P

0.07
0.08
P

0.08
0.03
0.37
0.01
0.17
P
P

0.30
0.03
4.26
0.07
P

0.05
P

0.01
P
P

0.10
0.11
0.15
0.10
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SAMPLE WT % tNT Vo

NAME RUTILE SIT"/KY

VIRGINIA DIVISION OF MINERAL RESOURCES

WT Vo WT Vo WT Vo WT Vo SAMPLE WT % WT 7o 'V'lT Vo WT 7o WT 7o V'lT Vo

SPHENE TOURM LEUC MONA NAME RUTILE SIL/KY SPHENE TOURM LEUC MONA

11G3 1.44
116-4 1.95
116-5 3.15
rr7-r 1.38
rr7-2 r.70
rn-3 1.06
rr-t-4 t.26
cl-l 0.68
cr-2 1.48
c1-3 0.00
c14 1.60
cz-r r.32
c2-2 1.16
c2-3 1.03
c24 r.34
c3-l r.73
c3-2 1.08
c3-3 1.77
c34 1.86
c4-1 1.55
c4-2 1.55
c4-3 0.87
c5-1 r.25
c5-2 r.89
c5-3 r.57
c54 r.39
c6-t r.52
c6-2 r.37
c6-3 2.r4
c7-1 0.79
c7-2 0.70
c7-3 0.26
c8-r 1.16
c8-2 r.23
c8-3 1.89
c84 r.4r
c9-1 r.73
c9-2 1.33
c9-3 r.96
c10-1 t.92
cl0-2 r.43
c10-3 1.53
c10-4 1.87
clr-1 r.07
crr-2 2.0r
cl r-3 0.70
cll-4 r.34
crz-r 0.45
cr2-2 1.53
cr2-3 r.r7
cr2-4 1.36
c13-1 1.95
cr3-2 1.63
c13-3 2.r5
c14-1 r.4I
cr4-2 1.68
cr4-3 2.10

2.05 0.53
1.65 r.45
1.95 0.62
r.25 0.56
1.65 0.88
r.46 1.06
r.57 0.69
3.15 0.02
3.37 0.19
2.82 0.23
2;t5 0.53
0.89 0.40
2.r2 0.56
2.42 0.49
1.46 0.30
2.75 0.03
4.18 0.02
3.86 0.08
2.26 0.r2
r.42 0.18
3.04 0.47
2.56 P
3.28 0.33
5.10 0.42
3.49 0.2r
4.62 0.26
2.37 0.32
1.65 0.05
3.52 0.40
0.88 0.29
1.03 0.14
t.75 0.44
250 0.40
2.67 0.20
2.40 0.&
1.33 0.34
2.45 0.r2
2.53 0.15
2.44 0.09
2.05 0.38
3.27 0.27
4.52 0.39
3.& 0.42
3.08 0.26
5.83 0.81
29r 0.00
5.56 P
r.44 0.10
2.89 0.08
3.72 0.20
3.15 0.08
r.63 0.31
3.09 2.52
3.79 0.2r
0.81 0.r2
3.47 0.67
4.58 0.06

0.54 1.98
0.r7 1.55
0.31 2.52
0.61 r.76
r.34 1.08
P 092
P 1.35
4.57 3.98
4.00 1.45
0.62 2.9r
r.20 2.69
2.05 1.07
2.65 2.00
1.15 3.39
2.65 4.02
r.r7 0.91
1.33 0.52
3.32 I.2l
r.57 r.02
r.55 1.09
0.77 1.13
4.45 r.34
3.00 2.rr
0.5r 1.93
2.80 0.71
1.31 r.62
1.35 r.27
0.41 1.15
0.12 1.16
0.61 0.00
1.58 2.2r
0.56 l.r7
0.59 0.50
r.94 0.99
0.66 0.49
r.97 0.51
2.80 r.99
1.87 1.15
2.57 l.16
1.91 0.89
2.27 0.7r
1.30 r.34
0.70 1.86
r.02 2.81
0.53 3.r4
2.r3 0.60
1.15 0.62
2.05 r.25
0.36 0.68
0.74 r.r7
0.63 0.51
r.42 2.r3
2.r5 3.01
1.11 0.96
0.78 0.78
1.63 0.31
2.05 2.70

cr4-4 r.75
cl5-1 r.20
cr5-2 r.34
c16-1 1.19
cr6-2 1.69
cr7-r 1.45
cr7-2 1.38
cr7-3 2.r8
cr7-4 2.09
c17-5 2.09
c18-1 0.74
c18-2 L.23
c19-l 1.98
cr9-2 1.55
c19-3 0.84
c20-r 1.83
c20-2 r.22
c20-3 1.87
c20-4 r.59
czr-r r.57
c22-r t.73
c22-2 2.M
c22-3 r.24
c22-4 r.37
c23-2 0.7r
c23-3 r.36
c23-4 1.06
c24-r 2.30
c24-2 2.43
c25-r 2.67
c25-2 r.72
c25-3 1.13

c26-r 1.83
c26-2 2.55
c263 2.68
c27-r 0.94
c27-3 2.05
c28-1 1.93
c28-2 1.86
c28-3 r.72
c28-4 r.57
c29-t r.47
c29-2 1.81
c30-l 2.16
c31-1 2.07
c3r-2 2.25
c3r-3 2.30
c3r-4 1.60
c32-r 2.55
c32-2 1.38
c32-3 r.75
c33-l 3.03
c33-2 r.9l
c33-3 r.69
c334 1.49
c34-r 2.04
c34-2 t.r4

2.9r 0.30
2.47 0.13
2.23 0.10
2.09 0.10
2.2r 0.25
2.80 0.17
3.26 0.20
3.63 0.20
1.68 0.42
2.02 0.r2
4.58 0.43
2.80 0.r7
r.77 0.73
3.51 0.20
2.80 0.29
2.r4 0.83
3.01 0.00
2.48 0.19
2.52 0.61
r.72 0.r0
3.16 0.13
2.93 0.28
2.9r 0.r7
4.24 0.36
r.63 P
1.83 0.10
r.79 0.98
3.43 0.05
4.r0 0.41
3,73 0.52
2.47 P
3.18 0.61
2.25 0.15
3.58 0.00
2.76 0.37
2.70 0.07
2.63 0.52
3.06 0.74
2.r3 0.00
2.r3 0.47
3.27 0.13
3.13 0.03
2.35 0.34
3.46 0.24
3.53 1.61
4.25 0.86
3.r2 0.zr
2.47 0.82
3.03 0.35
2.65 0.04
3.06 P
5.59 0.22
2,63 0.13
1.81 0.69
3.42 0.15
3.31 0.&
3.16 0.04

0.59 r.4r P
1.55 r.r7 0.00
0.19 1.40 0.00
0.r7 0.28 0.00
0.22 0.31 P
r.34 2.19 P
1.04 0.64 P
1.89 0.51 P
r.07 0.96 0.00
1.07 0.46 0.00
r.28 r.6 P
3.56 r.49 P
0.60 1.05 P
0.83 0.7r P
1.55 2.06 0.04
0.55 4.09 P
r;15 6.93 P
t.r1 2.24 P
1.08 3.51 0.00
r.32 5.82 P
0.67 7.87 P
0.59 5.59 P
r.74 4.U P
0.84 3.06 0.05
0.63 2.6r P
1.04 1.81 0.06
1.09 3,23 P
0.79 4.04 0.05
2.r8 4.08 P
1.81 3.84 P
0.& 3.4r P
0.38 2.r2 P
2.37 3.59 0.03
r.32 2.03 P
r.76 1.36 P
0.26 r.44 P
0.89 3.03 P
r.27 4.28 0.13
r.20 2.55 0.02
3.92 2.r5 P
3.31 3.37 0.04
1.78 2.M 0.07
0.87 2.09 0.09
r.34 2.42 P
0.39 3.15 0.05
2.0r 4.86 0.05
1.33 2.09 0.03
0.30 3.00 P
r.27 3.00 P
1.61 3.18 0.02
1.48 2.60 P
0.86 r,92 P
1.68 1.40 P
2.2r 2.34 P
0.50 2.63 0.06
0.87 1.84 0.10
1.95 2.52 P

P
0.14
0.23
0.06
0.10
0.16
0.06
0.02
P

0.08
P

0.03
P
P

0.10
P
P
P
P

0.03
P
P

0.05
P
P
P

0.03
P
P
P

0.32
P

0.06
P

0.00
P
P

0.00
0.03
0.04
P

0.m
0.00
0.07
P
P

0.02
P
P

0.00
0.00
P
P
P
P

0.00
P



SAMPLE WT % WT 7o WT 7o 'Y'lT 
4o

NAME RUTILE SIL/KY SPHEM TOURM

PTIBLICATION 103

'NT Vo WT 7o SAMPLE WT Vo

LEUC MONA NAME ZRCON

57

Y',lT 7o

OTHER
WT Vo WTVo

ECON RHM
Y'lT7o

THM

c34-3 1.55
c35-l r.46
c35-4 2.Or
c36-1 r.73
c36-2 1.48
c36-3 r.79
c36-4 r.57
c37-1 1.18
c31-2 1.80
c31-3 2.46
c38-1 r.44
c38-2 1.40
c39-1 1.75
c39-2 r.33
c39-3 2.05
c40-l r.27
c40-2 2.r2
c40-3 r.52
c41-1 r.60
c4r-2 2.05
c4r-3 2.02
c42-r r.&
c42-2 1.83
c42-3 2.50
c42-4 r.95
c43-1 r.72
c43-2 r.44
c43-3 r.28
c44-t t.4r
c44-2 L.25
c44-3 l.l0
c45-1 r.35
c45-2 1.03
c45-3 2.r5
c46-1 r.37
c46-2 0.85
c46-3 1.09
c46-4 r.99
c47-t r.73
c47-2 L.23
c48-1 2.r3
c48-2 1.68
c48-3 2.28
c48-4 r.74
c49-r r.62
c49-2 1.44
c49-3 r,62
c49-4 r.33
c50-l 0.87
wB-
063-1 1.81
063-2 0.59
063-3 l.l0

AVG I.4O
STD 0.55
MAX 3.15
MIN O.OO

3.68 0.31
2.80 0.65
2.r7 0.91
4.08 P
4.69 1.48
3.24 0.97
4.47 0.00
3.23 0.05
2.50 0.16
2.36 1.40
2.27 0.&
4.20 0.25
r.ffi P
2.24 0.31
2.89 0.82
2.57 0.11
3.08 0.60
2.4r 0.41
3.85 0.11
6.15 0.16
2.32 1.06
2.06 0.07
2A9 P
259 0.00
2.W 0.17
r.97 0.18
3.05 0.r2
2.3r 0.06
2.48 0.07
2.89 A.22
2.3r 0.r2
2.09 0.06
4.50 0.23
4.03 0.r8
2.63 0.0?
2.94 0.13
3.35 P
3.34 0.16
2.67 P
4.90 P
319 P
3.72 0.06
s.& 0.38
3.16 0.r2
4.04 238
4.62 0.25
393 0.71
3.0s 0.03
4.02 0.39

2.17 0.39
r.32 0.39
6.15 2.52
0.00 0.00

0.87 1.90
2.20 3.88
1.03 4.57
0.77 2.37
0.45 2.03
0.?1 1.56
4.r3 3.20
0.69 2.54
1.88 r.28
0.32 2.&
0.72 r.23
r.67 1.59
0.72 r.23
0.99 0.54
0.34 1.03
1.80 1.56
0.56 3.25
r.& 2.8t
1.09 l.r7
r.55 2.87
r.2r 2.53
2.86 2.88
0.71 2.rl
0.46 0.93
0.37 2.00
r.23 2.48
4.68 r.34
0.98 0.77
0.33 r.55
3.2r 0.60
3.87 2.45
0.78 2.70
3.28 2.27
2.r8 2.68
1.38 r.43
4.47 1.30
3.72 1.93
3.08 1.16
0.25 2.63
0.88 3.06
1.63 3.4r
2.49 3.85
2.59 2.3r
2.rr 3.03
0.20 3.61
2.02 4.20
0.58 1.04
236 1.38
0.75 1.63

P r.34
1.55 4.15
1.80 5.7r

1.05 r.73
0.93 r.2r
4.68 7.87
0.00 0.00

B01-1 1.46
801-2 2.36
802-1 3.93
B,02-2 1.58
803-1 1..56

803-2 3.6
803-3 3.3r
804-1 1.63
805-l 3.96
805-2 4.77
H01-1 3.10
H0r-2 2.73
H01-3 7.60
H02-1 2.46
H02-2 2.32
H02-3 7.6r
H03-1 3.13
HM-l 3.03
HM-2 4.r9
H04-3 2.27
H05-l 3.33
H06-1 r.67
H06-2 447
H06-3 3.52
H06-4 3.81
H07-1 2.47
H07-2 3.53
H07-3 2.46
H08-1 2.25
H08-2 3.15
H09-l 6.59
H10-1 r.79
Ht0-2 3.48
Hll-l r.02
H12-1 Z.r7
Hr2-2 1.50
Hl3-1 0.78
H14-l 3.93
Hr4-2 3.42
v1-1 3.13
vr-2 2.82
v1-3 2.74
vl-4 3.80
v2-r 2.21
v2-2 6.16
v2-3 2.97
Y2-4 3.66
v4-1 3.06
v4-2 2.0r
v4-3 2.40
v4-4 3.09
v3-1 3.63
v3-2 3.ll
v5-1 4.26
v5-3 3.60
v54 5.M
v5-5 4.30

295 3.9r
2.r7 2.88
2.3r 2.42
3.73 3.88
2.85 3.20
2.s9 3.33
2.52 3.26
1.87 2.53
1.48 r.86
t.r2 1.82
3.57 3.86
4.22 5.10
5.13 5.48
1.53 2.32
0.23 1.09
0.68 1.34
1.85 2.r4
2.46 3.06
0.63 r.37
1.r5 r.57
3.28 3,67
2.68 3.r3
146 1.70
r.23 1.49
0.59 4.74
3.08 3.7s
r.46 1.87
r.32 1.54
5.2r 5.52
2.25 2.8s
2.44 3.62
r.1L 2.74
1.45 3.2r
3.11 4.00
5.5r 6.88
4.23 5.34
r.22 2.23
0.31 0.52
0.41 1.49
0.39 l.r't
0.59 0.82
0.34 0.61
0.43 0.83
0.93 2.72
0.36 t.67
0.47 3.90
0.79 2.r2
0.7r 1.77
0.73 1.06
0.57 1.39
0.72 1.35
0.59 r.42
0.27 0.50
0.88 1.9s
0.85 1.26
1.01 1.20
0.84 1.44

3.67 0.r2
2.75 4.29
2.65 1.13

P
P
P

0.37
0.05
0.r2
P
P
P

0.(X
0.05
P
P
P

0.04
P

0.02
P

0.00
P
P
P

0.03
0.06
0.15
P

0.04
P

0.00
P
P

0.00
P
P
P
P
P

0.04
P

0.04
P
P
P
P

0.0s
P
P
P
P

P
P

0.04

0.08
0.21
247
0.00

18.86
13.32
1r.52
t4.41
15.55
13.41
26.08
23.8r
10.88
t2.43
11.04
19.09
29.9r
27.88
20.6r
26.96
18.78
17.50
12.38
2r.40
18.07
t7.43
14.35
26.66
28.65
14.66
16.55
2r.25
16.91
17.22
23.50
24.03
25.40
14.37
22.r4
37.73
28.80
15.92
27.36
11.50
+.JL
6.4r
7.8r

13.31
t0.22
6.38

15.10
12.36
8.04
8.25
7.7r

10.43
9.20

18.60
4.87
7.09
6.99

18.36
19.35
27.30
24.88
20.46
1999
22.98
16.41
30.00
36.82
39.81
21.9r
32.23
22.5r
25.08
26.84
24.68
2r.34
22.09
20.18
22.98
r7.37
30.88
20.74
r-t.24
23.77
19.63
14.06
24.58
19.56
16.53
13.6r
14.42
18.30
24.55
15.81
27.27
22.r8
20.99
25.50
s9.92
55.34
66.08
29.&
56.19
47.27
57.68
29.98
45.73
40.98
54.87
44.86
46.r5
25.71
53.42
53.91
56.61
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SAMPLE W'I VO

NAME ZRCON
WT 7o WTTo WTTy
ECON RHM THM

SAMPLE 'V,1"[ VO WI VO

NAME ZRCON OTHER
WT Vo 'l,lT7o
ECON RHM

VIRGINIA DIVISION OF MINERAL RESOURCES

WT 7o

OTHER
Y,lTVo

THM

v6-1 4.5r
v6-2 6.62
1090-1 3.05
1090-2 3.69
1091-1 9.22
109r-2 4.05
1091-3 4.&
rw2-r 3.19
1092-2 4.90
1094-1 2.93
1094-2 4.19
1095-1 3.62
ro95-2 3.26
1096-1 2.M
1096-2 2.84
1097-1 4.42
1097-2 3.82
1097-3 3.r7
1098-l r.36
1098-2 3.08
1099-1 4.2r
1099-2 3.00
r100-1 3.20
1100-2 3.99
1103-1 1.90
rr03-2 2.74
1103-3 4.44
r106-1 2.32
rrb-z 1.70
1107-l 259
rr07-2 2.01
1109-1 1.27
1111-l 3.88
rtLr-2 2.72
1116-1 2.69
1116-2 393
1119-1 2.r7
r1l9-2 3.7r
rI20-r 2.08
1120-2 2.69
rtzr-r 4.23
rt22-r 2.23
rrn-r 3.03
r|n-2 3.15
tt29-r 2.21
rr29-2 2.20
1130-1 294
rr30-2 0.99
1131-1 2.82
rI32-r 5.57
1134-1 4.&
1t34-2 3.60
l136-1 3.46
1136-2 3.68
1136-3 3.56
1139-1 2.79
20m-1 252

16.55
13.67
12.85
11.68
7.r9

17.r5
12.70
8.28
8.50

11.98
9.96

13.90
9.67

12.59
8.62

10.68
6.99
8.65
5.85
6.r4

10.08
8.38

11.60
8.31
8.87

11.35
9.34
6.48
9.r4
9.99
9;t4

13.07
9.42

11.03
12.40
12.89
11.53
r0.73
11.99
rr.36
15.23
10.66
tt.t7
11.86
r0.13
12.46
9.93

16.60
12.08
8.85
9.r7

10.51
13.51
13.87
9.27
7.35
9.73

30.56
33.73
30.89
33.20
38.61
39.24
46.89
53.29
58.18
42.23
56.62
28.92
54.46
30.03
46.15
37.40
55.30
61.31
57.16
69.30
42.66
59.32
30.51
52.97
43.02
48.90
29.4r
42.37
32.69
35.70
25.22
25.62
30.81
34.rr
30.36
34.52
26.75
34.M
29.55
37.24
27.4L
32.00
29.70
34.&
27.92
23.rr
26.28
25.87
32.r2
29.32
41.09
36.60
34.72
33.63
34.79
33.45
33.32

1.06
0.75
0.74
0.61
0.60
0.&
0.43
0.60
0.56
0.32
0.55
0.&
0.80
0.72
0.74
0.60
0.34
0.47
0.54
0.22
0.32
0.52
0.65
0.73
t.22
0.31
0.38
I.4l
0.86
0.68
0.60
0.97
0.58
0.60
r.19
1.11
r.23
t.t2
0.96
l.l8
1.01
1.31
1.04
0.72
2.88
0.78
2.62
0.24
r.02
I.2I
1.50
1.38
r.96
r;t4
0.83
1.08
0.30

2.48
t.7r
2.46
1.91
2.36
t.7l
1.61
1.70
1.03
1.15
1.01
2.5r
2.30
1.84
2.23
2.60
1.39
r.26
r.78
0.58
1.18
1.78
2.&
2.5r
1.80
r.62
r.74
3.59
2.63
4.35
1.83
3.08
2.76
3,20
4.39
4.00
2.43
2.39
1.95
3.05
3.44
5.67
5.51
2.70
7.65
6.1I
7.r7
r.96
5.92
6.32
8.79
6.82
9.01
6.42
J.J'+
2.44
2.W

rt.54
rr.l9
18.08
12.53
12.62
11.46
r0.49
10.94
3.52

10.89
7.20
8.86
7.3r
8.26
5.75
6.22
4.48

r0.92
6.25

r5.58
9.r7
9.26

13.92
6.54

14.60
24.53
24.79
18.70
2r.18

6.81
9.M

16.52
5.07

11.99
8.09
8.00
6.96

rI.52
10.99
11.05
6.04

10.18
10.06
6.92
6.79
8.00
6.58
5.89

13.95
5.28
7.78

16.20
18.26
9.06
'1.46

21.27
16.40

28.86
26.M
33.44
33.51
40.79
24.07
25.5r
33.97
4r.87
40.97
44.85
45.70
42.4r
36.81
34.29
33.77
28.81
42.0r
26.62
23.3r
26.77
35.80
29.76
32.28
34.68
19.73
32.48
33.46
39.06
26.2r
23.93
27.04
39.26
25.38
20.2r
25.56
3r.2r
28.59
19.57
24.39
39.05
29.24
39.76
19.65
17.2r
14.89
3r.07
29.84
31.38
3s.98
19.40
23.35
21.9L
29.42
28.88
25.14
35.82

20[n,-2 3.37
2001-1 2.t8
2W2-r 3.r5
2N2-2 2.45
11G1 5.49rru2 2.r9
110-3 1.35
115-1 2.rO
I 16-1 4.01
rrG2 2.73
116-3 3.46
116-4 4.02
nG5 3.31
rr7-r 2.50
rr7-2 2.M
rr7-3 1.86
rr74 r.76
c1-1 4.24
c1-2 2.89
c1-3 0.41
c14 3.85cz-r 5.34
c2-2 4.85
c2-3 4.84
c24 2.75
c3-1 3.67
c3-2 5.79
c3-3 7.03
c34 4.03
c4-1 4.78
c4-2 3.46
c4-3 3.84
c5-1 3.09
c5-2 4.51
c5-3 3.30
c54 7.02
c6-l 5.54
c6-2 7.33
c6-3 3.85
c7-r 293
c7-2 r.93
c7-3 r.44
c8-l 5.r3
c8-2 4.06
c8-3 3.48
c84 3.67
c9-1 3.74
c9-2 2.93
c9-3 5.r7
c10-1 4.80
c1G.2 4.r0
cl0-3 6.47
c104 7.85
c11-1 4.6r
crl-2 2.45
cll-3 6.&
cl1-4 8.55

o.r4 2.39
0.42 2.02
0.56 3.75
0.60 3.01
1.09 2.60
l.l9 2.2r
r.07 1.41
0.25 0.74
0.45 0.58
0.19 0.54
1.55 2.r7
0.71 0.92
r.36 r.6
1.15 1.26
r.37 3.87
2.62 3.95
1.91 2,84
r.72 2.19
2.42 3.2r
1.43 2.r4
0.68 r.9',7

r.63 4.r7
0.39 1.81
r.r4 2.67
0.7r r.43
0.& 4.07
092 4.35
0.61 3.59
0.68 3.44
0.87 2.67
0.91 2.4r
r.24 2.72
r.62 2.U
1.53 2.98
r.56 3.55
1.23 3.36
2.02 4.45
0.26 2.56
0.49 5.79
0.61 3.r7
r.o'7 1.48
l.4t 2.41
1.85 3.52
2.54 6.81
0.83 3,66
0.67 3.58
2.02 4.6'l
1.50 3.87
1.56 3.27
0.76 3.23
t.07 4.10
r.r4 5.07
0.75 4.6r
1.51 r.92
r.& 1.82
0.73 3.63
0.87 3.16



PUBLICATION 103

SAMPLE -V'IT 
VO

NAME ZRCON

'Y'lT Vo

OTHER
WT Vo

ECON
WTTo WTVI
RHM THM

SAMPLE WT VO

NAME ZRCON
WTVo WTVo
OTHER ECON

WTVo WTVo

RHM THM

cr2-r 2.05
cr2-2 4.2r
cr2-3 7.33
cr2-4 5.61
c13-1 3.39
cr3-2 3.82
c13-3 6.93
c14-1 2.28
cr4-2 5.49
cr4-3 4.46
cr4-4 4.52
c15-1 3.60
cr5-2 3.38
c16-1 2.77
cr6-2 4.49
c17-1 4.31
cr7-2 6.4r
cr7-3 3.88
cr7-4 298
cr7-5 4.07
c18-1 2.43
cr8-2 3.4r
c19-l 4.62
cr9-2 3.68
cl9-3 r.42
c20-r 2.94
c20-2 2.58
c20-3 4.05
c20-4 5.51
C2I-I 7.14
c22-r 3.93
c22-2 4.10
c22-3 3.51
c22-4 2.6r
c23-2 4.09
c23-3 3.82
c23-4 3.42
c24-r 3.08
c24-2 2.86
czs-r 7.42
c25-2 4.01
c25-3 2.39
c2Gr 4.29
c26-2 6.35
c26-3 5.65
c27-r 4.44
c27-3 3.94
c28-1 3.89
c28-2 7.r7
c28-3 5.18
c28-4 5.r4
c29-r 5.93
c29-2 4.87
c30-1 4.92
c31-1 3.53
c3r-2 6.00
c31-3 5.10

20.72 3.05
18.93 r.75
28.15 3.28
18.77 2s9
24.36 r.g
22.98 r.62
26.41 0.95
r4.& 2.lr
17.42 0.72
22.92 r.26
13.87 0.&
20.9r r.94
15.68 r.L4
19.95 2.53
12.02 r.82
26.23 2.20
19.99 r.24
15.36 0.98
14.53 r.42
12.66 0.89
20.2A 2.07
17.79 2.43
22.79 1.20
23.26 0.94
24.98 1.73
37.50 0.56
37.32 r.29
29.24 0.20
34.86 0.33
38.37 0.38
42.66 r.36
38.95 1.50
32.56 1.85

36.32 0.87
30.28 0.89
33.22 r.47
33.54 0.84
41.80 0.83
38.05 1.16
52.88 0.23
47.48 0.38
36.43 0.57
45.39 1.87
34.27 0.95
20.92 0.49
28.21 0.40
56.08 0.34
4't.42 1.39
39.80 r.42
29.39 r.32
42.06 0.98
52.25 432
42.80 0.38
37.18 0.67
46.91 0.59
54.17 r.36
43.24 1.48

c31-4 5.36
c32-r 4.86
c32-2 5.01
c32-3 7.54
c33-l 5.68
c33-2 6.63
c33-3 6.03
c33-4 5.82
c34-1 3.04
c34-2 4.56
c34-3 3.99
c35-1 6.40
c354 5.83
c36-l 4.75
c36-2 4.&
c36-3 7.07
c36-4 4.72
c37-1 5.62
c37-2 3.54
c37-3 3.78
c38-1 4.87
c38-2 3.16
c39-1 5.36
c39-2 3.46
c39-3 3.r2
c40-l 4.32
c40-2 4.43
c40-3 4.48
c41-r 4.70
c4l-2 4.5r
c4r-3 4.66
c42-r 3.86
c42-2 5.0?
c42-3 4.33
c424 6.65
c43-r 2.72
c43-2 3.63
c43-3 3.96
c44-r 4.53
c44-2 3.55
c44-3 3.81
c45-r 4.49
c45-2 2.7r
c45-3 5.74
c46-r 3.16
c4G2 2.24
c463 2.78
c46-4 4.74
c47-r 3.02
c47-2 4.27
c48-1 3.54
c48-2 r.67
c48-3 3;18
c48-4 3.09
c49-r 2.95
c49-2 3.73
c49-3 2.70

0.84 4.03
1.59 2.75
0.79 2.75
0.90 3.4r
0.80 1.98
0.65 2.53
0.15 2.42
0.16 r.24
0.96 1.09
2.42 3.83
0.87 2.t7
0.13 r.78
0.46 1.33
0.48 0.62
0.59 0.73
0.73 0.86
0.72 0.81
0.9r 4A3
r.52 2.25
r.34 2.L9
0.46 2.N
0.29 2.33
0.90 4.42
1.09 4.r5
1.09 2.62
0.79 4,58
1.19 4.20
r.42 2.77
0.95 3.80
0.63 1.89
r.27 2.68
1.13 3.61
0.86 4.37
0.60 *
0.85 3.r9
r.r7 6.40
r.46 3.58
r.09 6;t6
0.90 6.51
1.59 3.53
0.68 r.76
0.31 3.02
r,76 2.65
r.57 2.93
1.08 3.39
0.86 2.22
0.70 2.22
2.28 3.10
0.66 4.49
1.33 1.65
0.55 0.90
0.63 0.96
0.50 0.75
r.27 1.83
0.78 r.02
0.61 0.82
0.86 r.67

4.84
13.69
8.08

10.39
8.28
8.65

17.6r
9.07

15.69
13.90
10.78
9.44
8.53

12.85
12.05
7.53

15.15
13.62

8.24
14.02
14.18
9.90

11.34
8.74
9.63
9.76

12.39
17.86
12.83
7.72
5.38
6.20
746
7.33
7.59
8.17

16.77
7.83
7.37
3.86

15.30
18.75
7.03

12.22
10.91
13.97
9.49
5.10
8.04

12.78
10.99
6.67

10.57
12.3r
4.08
3.6r
9.65

5.68
5.43
9.2r
7.54
3.25
2.69
1.83
4.57
2.U
6.02
5.63
5.76
6.61
7.00
5.43
3.85
4.37
4.08
5.31
5.76
3.00
3.58
4.10
2.08
2.15
1.30
1.78
0.97
r.94
l.l1
1.55
1.78
2.42
r.23
1.45
r.63
0.96
1.07
1.51
0.42
1.40
r.79
3.58
2.@
5.13
2.29
2.67
1.91
3.31
3.13
2.43
4.58
1.30
2.98
0.73
r,52
3.18

10.96
6.62

tt.49
7.45

11.91
15.36
16.4r
15.05
4.57
7.62

11.91
18.38
12.37

1.70
5.0r
4.52
7,54
9.66

r0.23
9.72

r0.42
2r.26

7.99
5.87
4.94
8.74
6.97
5.33
7.76

16.0r
5.46
7.23
8.59
9.59
6.44
8.13
8.45

10.77
9.47
7.38

11.03
9.05
9.02

15.18
12.88
9.81

16.01
7.83

rr.29
8.55
5.85

t6.24
8.55
9.M

10.25
6.26
9.10

25.46
4t.24
28.49
38.96
29.6r
25.9
25.07
38.38
43.23
44.24
28.76
35.09
44.40
55.13
47.78
53.78
39.97
26.06
36.05
41.83
24.03
30.09
28.75
28.92
38.38
28.95
35.85
36.96
3r.24
36.37
37.M
44.84
42.98
41.58
62.22
14.00
38.33
26.81
24.42
36.r7
33.99
23.92
27.49
36.80
28.2r
30.r7
26.95
40.45
28.r9
46.99
4r.99
27.81
4t.71
40.67
4r.16
44.25
34.39
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SAMPLE 'V'IT 
7O

NAME ZRCON
WT Vo WTVo W"IV"
ECON RHM THM

SAMPLE WT 7o WT 7o WT Vo

NAME MAG IL GAR

'V'lTVo WTVo WTVo
EP STAUR PYROBOLE

VIRGINIA DIVISION OF MINERAL RESOURCES

,V'IT 
VO

OTHER

c49-4 3.38
c50-l 3.70
wB-
063-1 4.22
063-2 5.30
063-3 5.11

AVG 3.84
srD 1.50
MAx 9.22
MIN 0.41

290 core samples

0.81 4.16
0.32 2.67

r.49 2.r0
1.18 2.r9
2.58 2.53

l.l9 2.87
0.87 r.66
5.51 9.r2
0.13 0.41

7.85 19.48
4.95 24.83
6.38 21.94
7.09 30.79
6.78 23.3r
3.& 18.98

10.66 2r.39
11.65 25.39
12.08 19.39
1r.08 28.98
12.97 13.08
10.59 22.44
16.18 24.98
11.05 22.60
4.48 34.94
6.55 24.63
6.85 23.86
8.81 23.09

12.94 13.58
13.56 10.17
0.87 21.44

10.13 22.23
3.40 50.28
1.08 35.93
0.28 20.47
0.42 34.69
3.19 28.81
0.34 4r.63
5.91 2r.rl
2.63 21.08
0.52 29.78
0.33 3r.24
2.25 31.18
0.44 37.r9
0.26 22.13
1.47 38.22
6.17 24.58
0.31 47.30
0.36 44.71
0.26 37.74
3.48 54.88
r.32 33.13
1.65 42.77
0.34 32.5r
7.18 19.35
r.24 41.00
0.43 4r.73
0.85 49.52
0.59 30.42
0.49 36.00
0.52 18.87
0.35 43.05
0.89 39.35
0.27 4r.34
2.t7 42.04
5.87 23.50

19.30 6.55
16.17 3.29
18.07 4.80
15.13 1.35
13.88 r.20
19.46 7.24
r7.01 3.82
18.99 349
I't.17 4.74
20.44 3.05
2r.56 5.07
13.15 4.20
17.69 3.36
20.13 r.57
19.55 3.93
19.89 3.11
16.81 0.72
16.97 4.38
16.86 3.98
20.68 7.98
10.54 13.90
15.69 5.61
12.42 2.r3
1r.78 9.4r
8.56 14.31

10.78 10.73
15.16 8.96
16.84 8.20
16.93 3.98
2r.89 5.08
19.75 5.51
9.29 12.76
9.58 9.9r

14.50 4."t0
8.67 8.17
8.r4 4.T9

r7.49 9.06
13.36 4.85
15.00 7.52
13.52 7.73
8.40 3.96

12.26 9.94
rL69 7.77
10.81 9.46
18.72 4.08
13.81 5.70
20.& 8.09
9.56 7.00

18,24 10.33
rr.52 9.56
14.11 14.01
12.75 r0.r5
11.84 5.81
11.82 8.88
r2.75 9.37
15.44 7.95

0.15 29.97
2.58 23.99
1.05 20.53
r.67 16.93
t.r1 29.56
0.94 3r.94
0.93 26.44
0.09 20.M
r.82 25.22
0.05 19,45
0.42 28.26
2.59 29.69
0.46 17.27
r.57 23.52
P 19.66
r.34 20.78
0.40 25.03
0.85 24.32
r.81 27.93
0.02 30.08
29r 24,19
0.04 20.7r
5.68 6.16
2.73 15.42
2.96 32.24
5.95 16.03
0.91 26.45
2.96 9.r2
1.15 19.40
0.06 28.44
3.77 19.77
5.07 19.75
0.44 26.99
3.06 19.22
n.78 10.37
0.80 19.73
0.40 22.32
r.67 I2;t4
5.31 r0.&
r.96 17.46
r.24 8.43
r.82 22.55
0.55 6.70
5.44 22.87
0.78 23.72
1.35 16.57
6.35 4.60
r.10 13.68
3.44 20.84
5.7r 20.08
4.65 3r.r4
7.44 10.28
2.43 13.46
2.r9 13.34
0.80 11.87
0.25 27.20

11.06
48.10

5.19
9.88
8.90

tl.72
5.78

48.10
1.70

30.85
30.63

50.25
53.56
50.25

33.22
I1.38
69.30
12.02

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
6r
62
63
&
65
66

GRAB SAMPLES

SAMPLE WT 7o WT Vo W-l Vo WT % WT Vo 'V'/T 
Vo

NAME MAG IL CAR EP STAUR PYROBOLE

1

2
J
An

5
6
7
8
9
l0
1t
12
13

L4

15
22
23
24
25
27
28
29
30
31
32
JJ
34
35
36
39
40
4l
Aa

43
44

10.20 16.11
6.42 31.94

17.05 19.04
9.42 2r.44
1.13 24.10
0.19 22.8r
4.65 18.90
0.23 34.42
0.51 25.56
0.50 25.r0
0.08 3r.43
3.00 25.02
2.60 20.21
0.74 28.72
5.74 35.07
1.31 23.73
3.72 2r.75
0.s3 19.35
2.95 r1.7r
0.r2 n.65
2.36 30.73
4.28 14.80
2.97 30.01
3.48 19.49
2.75 27.99
6.35 58.85
6.67 18.18
8.39 35.58

10.90 24.4r
7.61 34.58
6.83 44.26

10.34 24.88
7.83 2r.44
4.56 16.65
5.93 19.86

2r.25 5.73
19.89 6.49
29.79 3.43
16.29 2.rr
2r.92 8.28
37.36 2.70
16.35 6.97
22.65 1.59
20.05 2.00
26.23 1.3r
34.83 0.47
2r.r9 6.51
22.31 5.13
20.74 2.84
15.00 4.59
16.21 5.43
r7.99 4.06
13.76 5.25
19.40 3.38
r3.53 2.27
18.80 8.33
20.18 5.98
r7.44 5.61
22.37 8.27
25.94 r.57
8.75 2.24

17.81 4.49
15.13 4.92
17.44 4.35
16.82 3.79
6.14 3.40
5.75 3.79

20.02 2.09
19.40 6.26
27.48 399

0.53
r.43
2.90
1.81
0.r7
9.04
1.30
7.49
5.24

P
2.98
0.91
0.49
3.r9
0.72
r.57
2.96
2.35
2.28
3.26
0.30
r.26
t.45
0.2r
4.02
0.49
0.85
3.31
2.99
0.88
l.l5
2.52
0.26
0.r1
0.51

30.33
12.05
12.95
2r.35
25.8r
15.34
34.M
2r.27
29;t2
3r.44
16.48
19.58
26.47
21.11
13.15
31.65
30.32
37.66
34.76
45,74
22.52
28.62
23.86
30.70
22.89

3.84
32.98

9.74
19.82
t4.t2
1292
24.r8
r8.60
33.4r
20.47

67
68
69
70
7I
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
89A
90
9T

93
94
95
96
9'I
98
100
101
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SAMPLE WT 7A

NAME MAG
WT% WTVI'V,lTVo WTVo
L GAR EP STAUR

WTVo
PYROBOLE

SAMPLE WT 7a Wl Vo WT 7o WT 4" 'Y'lT Vo Y'lT Vo

NAME RUTILE SIL/KY SPHENE TOURM LEUC MONA

STA-
054 1.51 32.88
055 r.r2 23.90
0s6 0.35 30.97
093 6.00 23.7r
094 3.57 22.86
51-1 2.80 2r.72
5r-2 2.27 27.76
51-3 0.65 24.53
5L-4 0.37 42.8r

4.35 28.5r 16.6 5.99 2.34
4.18 9;14 5.35 3.06 2.2r

17.05 58.85 37.36 r4.3r 11.78
0.08 10.17 5.75 0.47 0.00

r.t1 0.79 0.07 0.73 0.15
0.42 0.2r 0.05 0.62 0.10
0.79 0.& 0.2r r.79 0.16
0.72 0.57 1.33 0.52 0.15
0.36 0.61 1.35 2.L7 P
0.55 0.30 0.67 1.01 0.r2
r.4r 1.04 0.63 r.r7 0.67
0.34 0.16 1.01 r.32 0.23
0.18 0.25 r.49 r.32 0.28
r.12 0.89 0.55 0.80 0.11
0.36 0.28 0.01 0.19 0.37
0.96 0.34 0.64 1.08 0.05
0.36 0.36 r.73 0.91 0.39
0.22 0.25 1.09 1.33 0.05
0.18 0.08 0.38 0.44 0.08
0.87 0.05 0.14 0.63 0.08
0.81 r.26 1.00 r.r4 0.01
0.13 0.42 0.81 0.99 P
0.54 0.2r 0.85 r.25 P
0.56 0.16 0.37 r;7r 0.05
0.& 0.27 0.r7 0.83 P
r.20 0.46 r.@ r.46 0.15
0.2r 0.14 0.54 0.80 P
1.93 0.10 0.41 3.03 0.57
2.20 0.38 0.63 2.79 0.51
1.85 0.28 r.73 4.4r 0.33
2.20 0.35 0.79 4.25 0.5
0.88 0.s9 0.54 1.70 0.02
1.87 0.45 1.18 4.05 0.44
0.54 0.48 0.37 0.59 0.08
o.r2 0.24 0.72 1.10 P
r.r4 0.00 1.59 2.39 0.43
r.69 0.00 1.40 r.99 0.59
1.10 0.09 0.82 2.72 0.r2
r.43 0.20 0.60 2.65 0.44
4.80 r.26 3,94 4.80 r.r7
0.26 0.16 0.17 1.80 0.31
0.79 0.40 0.52 r.47 P
1.40 0.53 0.59 3.26 0.49
1.30 0.57 0.79 r.54 0.67
2.03 0.14 2.73 3.18 0.29
0.r5 0.38 0.24 r.77 0.08
o.g 0.37 0.35 3.04 0.19
0.72 0.39 0.31 2.52 0.26
2.20 O.il 0.68 3.59 0.91
0.26 0.30 0.85 2.r7 0.13
0.88 0.26 0.10 1.89 0.15
2.39 0.18 0.44 3.27 0.62
1.15 0.r2 0.39 2.60 0.22
1.19 0.00 0.52 2.93 0.73
2.32 0.00 1.08 1.87 0.56
3.51 0.04 r.4r 2.r4 0.67
2.07 0.26 0.55 1.65 1.80
0.83 0.04 0.31 1.35 0.10
1.65 0.00 0.09 1.95 0.67
0.71 0.04 0.07 0.99 0.04
0.55 0.18 0.61 r.24 0.03

15.39 7.07
r7.& 8.38
16.62 10.16
15.33 10.72
17.39 1.22
r3.2r 9.04
8.94 7.53

t5.43 9.2r
16.88 7.76

4.27
6.84
5.74
3.89
2.@
4.42
4.06
2.85
3.20

16.24
16.07
12.6r
16.72
24.t5
r7.69
18.20
r7.t2
9.94

2r.30
7.79

45.74
3.84

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
6T
62
63
&
65
66

1.03
0.82
0.55
0.83
0.81
0.75
1.09
1.30
0.66
0.76
r.07
1.04
r.39
0.75
1.01
1.53
0.54
r.32
1.09
r.26
0.90
t.r2
l.4t
1.01
0.57
1.50
2.r3
0.97
1.40
0.69
1.07
r.60
2.20
r.06
1.50
2.55
0.93
1.65
2.77
2.33
r.02
2.44
2.07
2.33
2.04
1.41
r.73
1.30
0.93
r.50
1.88
0.87
1.59
1.57
r.69
2.02
0.88

AVG
STD

MAX
MIN

B. GRAB SAMPLES

SAMPLE WT % WT Vo WT Vo WT Vo 'V'lT Vo 'V,l"l Vo

NAME RUTILE SIL/KY SPHENE TOURM LEUC MONA

I
2
J
4
5
6
7
8
9
10
11

12
13

I4
15

22
23
24
25
27
28
29
30
31

32
JJ

34
35
36
39
40
4T
42
43

0.27
0.77
0;t7
t.4l
0.92
0.55
0.52
0.82
0.59
0.36
r.62
0.88
0.79
0.94
1.43
0.44
1.51
0.82
1.13
1.16
0.38
r.22
0.86
l.l3
0.91
0.83
1.01
0.80
0.14
0.75
0.00
0.r2
0.&
0.73

0.07
0.42
0.05
0.22
0.13
0.57
0.04
0.41
0.28
0.11
1.70
0.04
0.19
0.82
0.11
0.58
0.14
0.29
0.27
0.56
0.20
P
0.39
0.46
0.41
0.14
0.44
0.99
0.81
0.02
0.74
0.17
0.36
0.r7

0.32 0.20
r.r4 0.38
0.37 0.34
1.40 1.16
0.10 0.26
0.76 0.72
0.39 0.40
0.86 1.03
094 0.52
0.18 0.15
0.39 0.31
0.19 0.47
0.28 0.92
1.91 t.t2
r.39 1.08

0.85 0.53
0.60 0.77
r.r7 0.45
0.46 0A2
3.36 1.51
0.84 0.67
0.92 0.33
0.86 0.99
0.23 0.26
1.00 0.59
r.22 0.47
0.46 0.50
2.51 0.19
0.74 0.20
1.07 0.80
0.77 0.63
0.33 0.2r
0.05 0.05
0.37 0.27

0.01 0.43
0.80 1.03
0.04 094
0.65 2.99
0.22 r.73
P 1.15
0.48 0.79
P 1.53
1.09 0.91
o.r1 0.89
0.26 1.96
0.91 1.61
0.55 0.97
P 2.89
0.02 r.34
0.72 3.08
r.02 0.89
0.09 2.r8
1.48 r.70
0.47 1.56
0.60 1.06
o.2r 0.71
1.15 0.88
0.19 r.02
0.09 0.90
0.10 0.65
r.24 1.95
P 0.19
0.2r 1.38
0.91 1.84
0.40 0.00
0.66 2.97
0.r7 0.57
0.41 r.t7

67
68
69
70
7l
72
73
74
75
76
tt
78
79
80
81
82
83
84
85
86
87
88
89
89A
90
91
93
94
95
96
97
98
100
101
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SAMPLE WT 70 WI%O
NAME RUTILE SILKY

VIRGINIA DIVISION OF MINERAL RESOURCES

WT 7o WT 7o WT 7o Wl % SAMPLE WT 7o WT % WT qo

SPHENE TOURM LEUC MONA NAME ZRCON OTHER ECON
WTTo 'Y,lT%o

RHM THM

2.68 P
2.46 P
r.23 P
1.92 P
r.33 0.02
5.& P
8.20 0.09
5.98 P
3.02 0.10

1.54
2.95
3.01
r.34
2.77
3.83
2.65
2.97
1.05

0.82
0.83
3.94
0.00

AVG
STD
MAX
MIN

STAO54
sTA055
srA056
STAO93
sTA094
51-1
5r-2
51-3
5t-4

2.48
2.r4
1.98
1.24
1.58
1.80
r.20
1.18
2.32

1.19
0.58
2.77
0.00

3.47
6.13
4.47
4.26
4.05
6.15
8.01
7.67
4.22

1.40
1.56
8.01
0.05

0.24
0.42
0.31
0.04
0.09
0.70
0.13
0.00
0.00

0.39
0.33
1.51
0.00

16.35
15.63
18.07
17.97
9.99

11.85
12.3r
14.20
9.74

r 1.84
8.36

13.04
15.38
9.83

r7.07
19.16
16.28
15.40
rr.25
l1.95
18.93
10.81
13.15
9.81
9.06
9.39
8.87

27.59
15.19
r0.97
r0.02
I 1.16
tt.t7
17.38
20.00
rt.73
7.57
7.20
9.32

r0.73
9.08
9.03
6.83

18.25
6.77
6.58
9.49
6.38
7.29
6.47
4.r3

18.95
12.60
13.46
14.24
7.43

10.08

31.81
3r.62
37.80
28.47
25.r2
28.06
31.68
23.32
35.89
19.31
29.33
30.67
26.33
42.36
29.00
29.79
27.33
20.49
15.98
33.52
28.2r
58.92
45.42
29.83
45.90
34.81
52.04
24.20
25.75
38.r2
4r.39
38.75
46.12
38.18
45.35
3r.92
58.37
52.6r
46.88
63.r4
42.3r
51.90
43.47
26.r1
54.20
52.68
57.82
39.66
44.25
27.&
54.rr
46.26
50.82
49.47
28.24
46.3r
36.49

1.85 0.30
1.31 0.34
8.20 1.80
0.00 0.00

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
6L
62
63
&
65
66

3.69
r.46
3.67
2.73
r.79
3.49
3.86
1.15
4.92
3.09
3.83
3.34
2.0r
4.30
1.87
3.48
1.35
3.33
3.44
2.r5
3.56

67 2.r0
68 3.42
69 r.29
70 2.09
7r 2.43
72 2.6
73 1.19
74 2.39
75 2.79
76 3.68
77 2.58
78 2.9r
79 2.72
80 3.82
81 3.42
82 3.r5
83 2.05
84 2.62
85 3.82
86 3.24
87 3.31
88 2.23
89 2.79
89A 2.54
90 3.36
91 3.39
93 2.90
94 1.63
95 1.58
96 3.95
97 3.07
98 3.51
100 3.68
l0l 2.M
srA054 4.80
sTA055 1.85

4.& 6.80
4.27 6.18
4.65 939
3.72 6.32
4.97 6.30
2.65 6.49
r.92 5.90
4.30 7.79
7.02 14.6
4.r4 7.87
4.M 7.95
3.48 7.79
2.r8 5.44
6.74 rr.02
l.r2 4.51
0.87 6.08
r.34 2.93
1.78 3.65
2.84 5.32
1.22 1.53
4.67 6.79
1.58 2.55
0.66 r.L4
0.72 0.83
0.58 0.65
0.58 1.19
1.62 r.94
1.60 4.92
2.9r 4.40
0.47 0.55
0.32 0.48
0.46 1.51
0.89 1.04
0.r2 0.14
3.10 4.74
0.76 4.39
0.92 1.31
0.58 0.70
0.37 0.51
9.63 10.75
0.76 1.31
2.96 4.16
0.38 0.44
r.76 5.22
3.76 4.38
0.76 0.80
3.93 4.52
0.81 0.97
0.68 0.82
0.38 0.42
0.46 0.79
0.37 r.r2
0.51 6.25
2.23 4.48
0.20 3.47
4.4r 5.2r
0.39 0.51

SAMPLE W-I VO 'WT 
VO

NAME ZIRCON OTHER
wT%
ECON

Y,ITVO WIVO
RHM THM

1

2
J
4
5

6

8
9
l0
1t
t2
13

T4

15

22
23
24
25
27
28
29
30
3T

32
aa
JJ

34
35
36
39
40
4l
42
43
44
45

1.56
2.62
1.30
3.31
4.24
r.29
3.00
2.r2
r.49
0.62
2.45
3.16
r.9r
1.62
5.37
1.87
2.54
2.06
r.76
2.30
1.90
2.44
2.88
2.07
1.63
4.10
r.97
t.&
2.06
r.46
4.29
3.00
5.07
3.28
3.2r
r.80

12.39
14.62
r 1.03
16.44
11.00
7.52

12.r8
5.58

11.04
6.94
5.04

16.52
17.18
7.36

15.00
12.04
rr.73
t4.u
12.30
6.49

tL.29
19.05
10.63
r0.rz
9.30

r1.96
1r.43
16.61
14.56
15.35
18.46
2r.09
22.85
13.15
14.60
12.08

19.36
37.92
22.47
30.76
3r.2r
27.r3
23.&
40.16
29.83
27.26
39.55
30.91
24.35
36.90
44.70
30.55
27.43
25.86
23.04
26.60
35.r2
20.10
35.88
24.41
32.84
65.80
24.02
4r.71
29.54
39.71
50.06
3r.47
28.r3
22,37
26.16
23.24

6.86 7.28
4.25 6.08
4.2r 5.29
5.18 9.30
5.53 7.62
r.72 2.29
0.41 2.rO
t.02 t.67
1.66 r.74
6.53 7.68
1.31 1.53
4.35 8.13
1.31 3.01
4.t7 5.51
0.34 5.94
3.03 4.53
0.65 r.99
3.05 3.78
4.r4 5.9
0.62 0.73
1.06 2.69
3.24 4.33
4.83 7.00
2.43 3.03
5.33 8.06
3.13 5.r2
3.57 7.70
3,44 7.r2
4.22 9.07
4.& 8.35
2.48 5.25
3.42 8.62
5.61 11.06
2.08 2.94
294 4.r2
r.42 2.35
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SAMPLE
NAME

WT% WTVo
ZRCON OTHER

Y,IT VO

ECON
w'|70
RHM

wT%
THM

APPENDIX IV

SUMMARY COMPOSITION STATISTICS
(wrrHREsPECT TO HEAVY MINERAL CONCEN-

TRATE) FOR ALL SAMPLES
srA056 2.98
srA093 4.07
srA094 3.26
51-1 2.89
5r-2 3.17
51-3 3.99
5r-4 4.05

0.58 0.84
3.23 5.74
5.23 7.57
0.68 0.80
0.07 0.09
0.05 0.08
7.06 10.01

2.56 4.43
2.M 3.r4
9.63 14.6
0.05 0.08

WT % V/T Vo WT 7o

MAG IL GAR

'WT Vo WT Vo 'Wl 
Vo

EP STAUR PYROBOLE

AVG
STD
MAX
MIN

2.77
0.98
5.37
0.62

100 grab samples

9.58
r0.76
9.06

10.10
't;t9
8.42
4.27

12.r2
4.33

27.59
4.r3

4r.63
35.20
33.11
38.20
48.43
43.35
56.53

36.02
I1.07
65.80
15.98

AVG
STD

MAX
MIN

5.60 25.17 14.99

5.t4 r0.& 5.15
27.58 60.33 37.36
0.07 3.28 2.0r

7.56 2.29 22.4r
3.25 2.02 7.2r

24.35 rr.78 45.74

0.47 0.00 3.84

GARNAR'S VALUES
NONE 45.00 15.00 15.00 20.00 NONE
GIVEN GIVEN

Y'l'T Vo 'V'lT Vo WT Vo WT 7o Y'lT 9o WT Vo

RUTILE SIL/KY SPHENE TOURM LEUC MONA

AVG
STD

MAX
MIN

r.34 r.97 0.39

0.56 r.42 0.31

3.15 8.01 2.52
0.00 0.00 0.00

0.99 r.76 0.13
0.91 r.24 0.27
4.68 8.20 2.47

0.00 0.00 0.00

1.00
GARNAR'S VALUES

2.00 7.00 NONE NONE 5.00

GIVEN GIVEN

WT Vo \NT Vo

ZRCON OTHER

CORR CORR
WT 7o WTTo 'V'lTVa

ECON RHM THM

AVG
STD
MAX
MIN

GARNAR'S VALUES
5.00 NoNE

GIVEN

33.94 1.55 3.27
11.35 1.40 2.U
69.30 9.63 14.6
12.02 0.05 0.08

NONE NONE 5.OO

GIVEN GIVEN

3.57 11.82

1.46 5.44
9.22 48.10
0.41 r.70

390 samples (100 grab, 290 core)
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APPENDIX V

SELECTED MINERAL COMPOSITION WITH
RESPECT TO TI{E ENTIRE SAMPLE

Underlined samples have concentrations of one or more
ECON minerals equal to or great€r than Garnar's values
(using THM = 57o). See text for explanation.

SAMPLE WTVo W-IV" WTVo WT% 'V'lTVo W'fVo
NAME THM IL RUTILE LEUC MONA ZRCON

VIRGINIA DIVISION OF MINERAL RESOURCES

SAMPLE
NAME

v4-2 1.06
v4-3 r.39
v4-4 1.35
v3-1 r.42
v3-2 0.50
v5-l 1.95
v5-3 r.26
v5-4 r.20
v5-5 1.44

WTVo Y,,lT%o

THM IL
WTVo

RUTILE
WTVo WT%o WlTo
LEUC MONA ZRCON

B0l-l 3.91
B0l-2 2.88
B02-l 2.42
802-2 3.88
B03-l 3.20
803-2 3.33
803-3 3.26
B04-1 2.53
805-1 1.86
805-2 r.82
H01-l 3.86
H01-2 5.10
H0l-3 5.48
H02-1 2.32
H02-2 1.09
H02-3 1.34
H03-1 2.r4
H04-r 3.06
H04-2 r.37
H04-3 r.57
H05-l 3.67
H06-1 3.13
H06-2 1.70
H06-3 r.49
H06-4 0.74
H07-1 3.75
H07-2 1.87
H07-3 t.54
H08-1 5.52
H08-2 2.85
H09-1 3.62
H10-1 2.74
H10-2 3.2r
H11-1 4.00
Hlz-r 6.88
Hr2-2 5.34
H13-1 2.23
H14-l 0.52
Hr4-2 r.49
v1-1 I.t1vr-z 0.82
v1-3 0.61
v1-4 0.83
vz-t 2.72
v2-2 r.67
v2-3 3.90
v2-4 2.r2
v4-l r.77

0.56 0.04
0.42 0.02
0.48 0.03
0.78 0.03
0.53 0.02
0.46 0.02
0.50 0.05
032 0.02
0.39 0.01
0.46 0.03
1.15 0.03
0.88 0.06
0.95 0.15
0.37 0.02
0.22 <0.01
0.18 0.01
0.37 0.02
0.47 0.05
0.18 0.01
0.23 0.02
0.58 0.05
0.45 0.02
0.34 0.03
0.23 0.01
0.07 0.01
0;72 0.03
0.25 0.02
0.r5 0.01
r.r4 0.03
0.41 0.03
0.28 0.01
0.26 0.01
0.28 0.02
0.62 0.04
r.43 0.03
0.68 0.01
0.45 0.02
0.08 0.01
0.14 0.03
0.23 0.02
0.42 0.02
0.28 0.01
0.46 0.01
0.65 0.02
0.76 0.04
r.45 0.05
1.06 0.03
0.42 0.01

0.03 <0.01
0.02 <0.01
0.01 0.01
0.07 0.01
0.03 <0.01
0.02 <0.01
0.06 <0.01
0.02 <0.01
0.0r 0.01
0.01 0.02
0.07 0.04
0.02 <0.01
0.02 0.08
0.04 <0.01

<0.01 <0.01
0.01 <0.01
0.04 0.01
0.02 <0.01

<0.01 <0.01
0.02 <0.01
0.05 <0.01
0.01 <0.01
0.01 <0.01
0.01 <0.01
0.01 <0.01
0.04 <0.01

<0.01 <0.01
0.01 <0.01
0.04 0.01
0.01 <0.01
0.02 <0.01
0.02 <0.01
0.03 <0.01
0.02 <0.01
0.05 0.01
0.03 <0.01
0.04 0.01

<0.01 <0.01
<0.01 0.02
0.01 <0.01
0.02 <0.01
0.01 <0.01
0.03 <0.01
0.03 <0.01
0.03 <0.01
0.07 0.01
0.03 <0.01
0.03 <0.01

0.41 0.02
0.45 0.02
0.61 0.03
0.46 0.02
0.18 0.0r
0.35 0.02
0.54 0.02
0.53 0.02
0.66 0.02

2.48 0.60 0.03
r.7r 0.43 0.03
7.28 r.22 0.02
6.08 r.94 0.05
5.29 1.01 0.O+

9.30 r.99 0.13
7.62 1.84 0.07
2.29 0.52 0.01
2.r0 0.40 0.01
r.67 0.58 0.01
r.74 0.44 0.01
7.68 1.93 0.03
1.53 0.48 4.02
8.13 2.03 0.07
3.01 0.61 0.02
5.51 1.58 0.05
5.94 2.08 0.08
4.53 1.08 0.02
r.99 0.43 0.03
3.78 0.73 0.03
5.9 1.00 0.06
0.73 0.13 0.01
2.69 0.83 0.01
4.33 0.@ 0.05
7.00 2.r0 0.06
3.03 0.59 0.03
8.06 2.26 0.07
5.r2 3.01 0.04
7.70 1.40 0.08
7.r2 25j 0.06
9.07 2.2r 0.01
8.35 2.89 0.06
5.25 233 0.00
8.62 2.r4 0.01

11.06 2.37 0.07
2.94 0.49 0.02
4.r2 0.82 0.04
2.35 0.46 0.02
6.80 r.69 0.04
6.18 1.73 0.05
9.39 2.89 0.08
6.32 r.47 0.05
6.30 r.20 0.07
6.49 r.39 0.08
5.90 1.50 0.&t
7.79 1.51 0.06

14.66 4.25 0.16
7.87 1.03 0.08

0.02 <0.01 0.02
0.04 <0.01 0.03
0.04 <0.01 0.04
0.08 <0.0r 0.05
0.01 <0.0r 4.02
0.03 <0.01 0.08
0.03 <0.01 0.05
0.02 <0.01 0.06
0.05 <0.01 0.06
0.01 <0.01 0.11
0.01 <0.01 0.11
0.03 <0.01 0.11
0-06 0.03 0.16
0.05 <0.01 0.07
02& 0.02 0.3l
0.13 0.01 w
0.03 0.01 0.03
0.02 <0.01 0.06
0.03 0.01 0.04
0.02 <0.01 0.03
0.07 0.01 0.05
0.03 0.03 0.04
0.13 <0.01 0e
0.03 0.01 0.06
0.16 0.05 0.09
0.08 0.01 9.2
0.14 0.03 0.08
0.02 <0.01 0.05
0.08 0.01 0.08
0.10 0.02 0.10
0.01 <0.01 0.02
0.03 0.01 0.05
0.03 <0.01 0.11
0.06 0.03 0.20
0.03 0.01 0.06
0.07 0.03 0.13
0.03 0.01 0.2r
0.15 0.03 0.15
0.01 0.47 0.12
0.r2 0.07 0.19
0.15 <0.01 0.t2
0.00 0.04 0.23
0.26 0.01 w
0.06 0.04 o56
0.03 0.01 0.10
0.03 0.01 0.13
0.01 <0.00 0.04
0.r2 0.01 w.
0.03 0.01 0.09
0.20 <0.01 @
0.06 0.01 0.17
0.07 0.(X 0.ll
0.09 0.01 0.23
0.08 0.02 0.23
0.06 0.01 0.09
0.03 0.05 w
0.09 <0.01 0.24

0.06
0.07
0.10
0.06
0.05
0.r2
0.r 1

0.04
0.07
0.09
0.r2
0.14
0.42
0.06
0.03
0.10
0.07
0.09
0.06
0.04
0.r2
0.05
0.08
0.05
0.03
0.08
0.07
0.04
0.r2
0.09
0.24
0.05
0.11
0.04
0.15
0.08
0.02
0.02
0.05
0.04
0.02
0.02
0.03
0.06
0.10
0.r2
0.08
0.0s

v6-1
v6-2
I
2
3

4.

6
1t

8

9
10
1l
12

13
t4
t5
22
23
24
25
27
28
29
30
31

2
3i
34
35

re.
39
4A
4l
42
43
44
45
!6
47
48
49
50
5l
52
53

v.
55



SAMPLE V'lT%o

NAME THM
WTVO 'V'I'IVO

IL RUTILE

,NTVO

ZRCON
WTVo

LEUC

'Y,lT%o 
'NT%o

THM IL
WTVO WTTO WT%
LEUC MONA ZIRCON

PUBLICATION 103

SAMPLE
NAME

WTVo

RUTILE

'V'ITVo

MONA

56 1.es
57 7.79
58 5.44
59 rr.02
60 4.5r
61 6.08
62 293
63 3.6s
& 5.32
65 1.53

6. 6.7e
67 2.55
68 r.I4
69 0.83
10 0.65
71 1.19
72 1.94
73 4.92
74 4.40
75 0.55
76 0.48
77 1.51
78 1.04
19 0.14
80 4.74
81 4.39
82 1.31
83 0.70
84 0.51
85 10.75
86 1.31
87 4.16
88 0.44
89 5.22
89A 4.38
90 0.80
91 4.52
93 0.97
94 0.82
95 0,42
96 0.79
97 r.tz
98 6.25
100 4.48
101 3.47
1090-1 2.46
1090-2 1.91
l09l-1 2.36
1091-2 1.71
1091-3 1.61
r092-r r.70
1092-2 1.03
1094-1 1.15
1094-2 l.0l
1095-1 2.5r
1095-2 2.30
1096-1 1.84

1.78 0.11
r.95 0.06
r.23 0.05
3.85 A.n
r.11 0.02
135 0.08
0.68 0.03
0.50 0.05
0.54 0.05
0.42 0.02
1.51 0._10

r.28 0.03
0.41 0.01
a.r1 0.01
0.23 0.01
0.34 0.01
0.81 0.03
1.04 0.03
0.93 0.05
0.16 0.01
0.15 0.01
0.47 0.02
0.39 0.02
0.03 <0.01
1.81 0.04
1.08 0.07
0.62 0.04
0.3r 0.02
0.19 0.01
5.90 0.26
0.43 0.03
1.78 0.10
0.14 0.01
1.01 0.07
2.06 0.08
0.34 0.01
2.24 0.04
0.29 0.01
0.29 0.02
0.08 <0.01
0.34 0.01
0.44 0.02
2.59 0.ll
1.88 0.09
0.82 0.03
0.& 4.02
0.49 0.02
0.57 0.0r
0.52 0.03
0.61 0.04
0.77 0.03
0.48 0.02
0.42 0.01
0.48 0.02
0.58 0.02
1.07 0.04
0.47 0.01

0.07 0.03
0.10 <0.01
0.02 <0.01
0.07 0.01
0.05 0.00
0.06 <0.01
0.04 <0.01
0.06 <0.01
O.ot <0.01
0.02 <0.01
0.05 <0.01
0.08 0.01
0.03 0.01
0.04 <0.01
0.03 <0.01
0.02 <0.01
0.08 0.01
0.03 <0.01
0.05 <0.01
0.01 <0.01
0.01 <0.00
0.04 <0.01
0.03 <0.01
0.01 <0.01
0.09 0.01
0.06 <0.01
0.04 0.01
0.01 <0.01
0.02 <0.01
0.19 0.01
0.04 <0.01
0.10 0.01
0.02 <0.01
0.1I 0.01
0.08 0.01
0.03 0.01
0.r2 0.01
0.03 0.01
0.02 <0.01
0.01 <0.01
0.01 0.01
0.02 <0.01
0.r2 0.04
0.04 <0.01
0.04 <0.01
0.01 <0.01
0.03 <0.01
0.03 0.06
0.03 <0.01
0.02 <0.01
0.02 <0.01
0.03 <0.01
0.02 <0.01
0.02 <0.01
0.03 <0.01
0.03 <0.01
0.02 <0.01

0.03 <0.01 0.06
0.03 <0.0r 0.1I
0.03 <0.01 0.05
0.02 <0.01 0.04
0.04 <0.01 0.02
0.01 <0.01 0.02
0.02 <0.01 0.05
0.02 <0.01 0.05
0.03 <0.01 0.08
0.02 <0.01 0.r0
0.02 <0.01 0.03
0.05 <0.01 0.(X
0.02 <0.01 0.08
0.03 <0.0r 0.08
0.01 <0.0r 0.04
0.03 0.01 0.1r
0.02 <0.01 0.04
0.03 <0.01 0.04
0.02 <0.01 0.11
0.02 <0.01 0.09
0.03 <0.01 0.r2
0.01 <0.01 0.16
0.02 0.01 0.05
0.01 <0.01 0.09
0.01 <0.01 0.04
0.03 <0.01 0.08
0.03 <0.01 0.15
0.05 <0.01 0.13
0.05 <0.01 0.17
0.03 <0.01 0.09
0.08 0.01 0.17
0.05 <0.01 0.13
0.04 0.01 0.2r
0.02 <0.01 0.42
0.@ 0.02 0.17
0.05 <0.01 0.35
0.03 0.01 0.41
0.04 <0.01 025
0.09 <0.01 0.31
0.05 0.02 0.24
0.02 <0.01 0.L2
0.M 0.01 0.07
0.04 <0.01 0.05
0.03 <0.01 0.08
0.04 <0.01 0.04
0.01 <0.01 0.t2
0.03 <0.01 0.07
0.01 <0.01 0.14
0.02 <0.01 0.05
0.02 <0.01 0.02
0.01 <0.01 0.02
0.01 <0.01 0.02
0.01 <0.01 0.01
0.04 <0.01 0.08
0.01 <0.01 0.04
0.04 <0.01 0.05
0.02 <0.01 0.03

0.39
0.26
0.11
0.47
0.08
0.21
0.04
0.r2
0.18
0.03
0.24
0.05
0.04
0.01
0.01
0.03
0.05
0.06
0.11
0.02
0.02
0.04
0.03

<0.01
0.18
0.15
0.04
0.01
0.01
0.41
0.04
0.14
0.01
0.15
0.11
0.03
0.15
0.03
0.01
0.01
0.03
0.03
0.22
0.16
0.07
0.08
0.07
0.22
0.07
0.07
0.05
0.05
0.03
0.04
0.09
0.07
0.04

1096-2 2.23 0.87 0.04
r097-L 2.60 0.79 0.02
1097-2 r.39 0.65 0.02
ro97-3 r.26 0.67 0.03
1098-1 1.78 0.89 0.02
1098-2 0.58 0.35 0.01
1099-1 1.18 0.40 0.02
ro99-2 1.78 0.91 0.03
11m-1 2.& 0.65 0.02
1100-2 2.5r l.r3 0.03
1103-1 1.80 0.70 0.01
rr03-2 r.62 0.65 0.02
1103-3 r.74 0.37 0.02
1106-1 3.59 1.35 0.03
rrb-2 2.63 0.77 0.02
1107-1 4.35 r.34 0.03
1107-2 r.83 0.36 0.03
1109-1 3.08 0.70 0.01
1111-1 2.76 0.67 0.03
rrrr-2 3.20 0.95 0.03
1116-1 4.39 1.11 0.04
rrt6-2 4.00 l.l I 0.08
1l 19-1 2.43 0.53 0.03
rrr9-2 2.39 0.67 0.03
1120-1 1.95 0.48 0.02
rr20-2 3.05 0.98 0.03
rr2r-r 3.44 0.72 0.03
Lr22-r 5.67 1.55 0.05
rr27-r 5.51 r.36 0.05
rr27-2 2.70 0.78 0.01
rr29-r 7.65 r.77 0.07
rr29-2 6.11 r.r4 0.05
I130-1 7.r7 1.55 0.04
rr30-2 r.96 0.45 0.01
1131-1 5.92 1.58 0.06
rr32-r 6.32 r.37 0.04
rr34-r 8.79 2.99 Qtr
rru-2 6.82 2.rr 0.06
1136-1 9.01 2.59 0&
1136-2 6.42 1.80 0.04
1136-3 3.34 0.98 0.04
1139-l 2.44 0.65 0.03
2000-1 2.00 0.53 0.03
20m-2 2.39 0.52 0.03
2001-1 2.02 041 0.02
2002-1 3.75 1.09 0.02
2002-2 3.01 0.89 0.01
110-1 2.60 0.84 0.04
ll0-2 2.2r 0.41 0.03
110-3 r.4r 0.29 0.02
I l5-1 0.74 0.2r 0.01
I 16-1 0.58 0.18 0.01
116-2 0.54 A.n 0.01
1163 2.r7 0.78 0.03
116-4 092 0.33 0.02
116-5 1.66 052 0.05
rr7-r r.26 0.38 0.02
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H0l-3
36
35
1091-l
54
t4

0.08
0.07
0.07
0.06
0.05
0.05

APPENDIX VII

CORE DESCRIPTIONS

The following 39 cores were provided by A.E. Grosz of
the U.S. Geological Survey. They were taken by the U.S.
Army Corps of Engineers Coastal Engineering Research
Center (CERC) and used by Meisburger,1972. They are
arranged by the CERC numbers, so a cross-reference to the
USGS-assigned number is provided. Colors are from the
Munsell Soil Color charts.sample 7o ZIRCON

54
cr2-3
42
59
H01-3
cr2-4
85
1 134-1
5r-4
c10-4
tr32-r
48
5

cr0-3
15
l 136-1

^
56
C44-L
c2G3
c8-2
CL7-2
c29-r
c43-3
c14-3
cll-4
57
4l
T2

c32-3
cr4-4
46
c3-3
c37-r
STAO54
rr34-2

0.72
0.67
0.56
0.41
0.42
0.42
0.41
0.41
0.40
0.36
0.35
0.34
0.32
0.32
0.32
0.31
0.31
0.30
0.29
0.29
0.27
0.27
0.27
0.27
0.27
0.26
0.26
0.26
0.26
0.26
0.25
0.25
0.25
0.25
0.25
0.25

USGS NO.
110
115
116
It7
1090
1091
ro92
1093
1094
1095
1096
1097
1098
1099
I 100
I 103
I 106
1 107
I 109
2005

CERCNO.
70
59
58
D73
5
43
JJ

4
46
47
48
49
34
35
30
36A
53
52
118
61

USGS NO.
1111
1116
1119
rr20
ttzl
tl2z
tt27
rr29
1130
1 131

II32
rr3/,
I 136
1 139
2000
2c0l
2W2
2W3
20M

CERCNO.
t2
9
54
39
40
20
29
25
26
T9

28
56
4l
I6
2
J

31
58
60

Thickness
(meters)

usGS NUMBER 2000 (CERC #2)

Silt, gray (5Y 6/l), clayey; some sand, very-fine-grained;
oyster shell at top of core ....................6.30

uscs NUMBER 2001 (CERC #3)

NOTE: Empty plastic liner labeled 3A...........................2.00

Silt, light olive gray (5Y 6n); sandy, very-fine-grained;
massively bedded; scattered shell fragmens at top and
bottom of core; sand, fine-to medium-grained, laminae
throughout core (1-3cm thick);labeled 38............... 1.34

uscs NUMBER 1093 (CERC #4)

Silt, light-olive-gray (5Y 612): clayey; sandy, fine-grained;
massively bedded......... .......................3.01



PUBLICATION IO3 69

Thickness
(meters)

uscs NUMBER 1090 (CERC #5)

Sand, grayish-brown Q.5Y 5f2), fine-grained; silty; mas-

sively bedded; shell fragments common; many shell
fragment at approxmately 0.95m .......2.45

Sand, grayish-brown Q.5Y 5p), fine- to medium-grained;
massivelybedded; grading into sand, medium- tocoarse-
grained; some gravel; massively bedded................. 1.09

usGS NUMBER 1l 16 (CERC #9)

Sand, light-brownish-gray (2.5Y 6 /2), fine- grained; silty;
massively bedded; Ensis fragments common...........2.50

Sand, coarse-grained; and gravel; and shell fragments; in-
cluding coral (4cm long)............ .......0.25

Sand, light -brownish- gray (2.5Y 62), fine-grained; silty ;
massively bedded; Ensls fragments common.......... 1.3 5

uscs NUMBER 1109 (CERC #118)

NOTE: Top of section B, not the top of the core

Sand, light-olive-gray (5Y 6/2), fine-grained, m icaceous ;

massively bedded; shell fragments common...........2.38

usGS NUMBER 1111 (CERC #12)

Sand, light-brownish-gray (2.5Y 6 l2), fine- grained; mas-
sively bedded; scattered shell fragments common...2.00

S and, light-brownish-gray (2.5Y 6 /2), fine- grained ; mas-
sively bedded; shell fragments common; a small sandy
mud pod; from 0.8 to 1.10m in this interval is a higher
concentration of shell fragments .......1.34

uscs NUMBER 1139 (CERC #16)

Sand, light-gtay (2.5Y 712),fine- to medium-grained;
massively bedded; with small shell fragments (a few
mm.)............ ....................0.45

Sand, lighrbrownish-gray (2.5Y 612), very-fine- to fine-
grained; massively bedded .................1.39

uscs 1131 (CERC#19)

Sand, light-brownish-gray (2 .5Y 612),frne-grained; massively
bedded; abundant shell fragmens in ttris interval at 0.3 to
0.65 m.......... ..................0.98

Thickness
(meters)

Sand, pale-yellow (2.5Y 7/4), fine-grained; massively bed-

ded; in this interval at0.27m Callianassa? tubes (up o
5cm) ..'....................0.84

uscs NUMBER 1122 (CERC #20)

Sand, light-brownish-gray (2 .5Y 6fD fine-grained; massively
bedded; abundant shell fragments; shell layer-(.5-.65m)
shells up to 6cm.......... ........................0.65

Sand, light-olive-gray (5Y 612), fine-grained; massively
bedded; shell fragments common... ....0.80

usGS NUMBER 1129 (CERC #25)

Sand, light-brownish-gray (2.5Y 612), fine grained; mas-

sivety OeOded; sparse shell fragments ...................... 1 .93

Sand, coarse-grained; with shell fragments.........'............0. I 8

Sand, grayish-brown (2.5Y 5/2),ftne-gruned; massively bed-

ded............... ..................0.u

Clay and silt, light-yellow-bro wn (2.5Y 61 4)..............'......0.12

Sand, grayish-brown (2.5Y 52) fine-grained; massively bed-

ded............... ..................0.43

uscs NUMBER ll30 (CERC #26)

Sand, light-olive-gray (5Y 6 l2), micaceous, fine-grained;
massively bedded; with shell fragments..... ...'..'......I.45

Silt, light-brownish- gray Q.5Y 6f}),slightly clayey; lenses

of sand, fine-grained. ......1.08

uscs NUMBER 1132 (CERC #28)

Sand, light-olive-gray (5Y 6/2), fine- to medium-grained;
with shell fragments; Ensis clam at top; oyster shell at

0.45m .......... ................"1.&

USGS ll27 (CERC #29)(Cape Charles)

Sand, light-olive- gray (5Y 6 l2), micaceous, fine-grained
...........2.78

uscs NUMBER 1100 (CERC #30)

Sand, light-olive-gray (5Y 612), micaceous, coarse- to fine-
grained......... ........'......'..0.53
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Thickness
(meters)

Sand, coarse-grained; and gravel ; iron stained .................0.07

'-1 Tllltllt lll llTtlI' T::i: 
* 

i:T8:i;

'-i T: :1'i::: ::::: :::: *l (*'o)' 
:T"""' :8iT

Silt, light-oliv e-gray (5Y 62) sandy, fine-grained; massively
bedded ......0.70

Sand, light-olive-gray (5Y 612), medium- ro coarse-grained;
and gravel .....................0.27

usGS NUMBER 2002 (CERC #31)

Sand, light-olive-gray (5Y 612), fine- to very-fi ne-grained;
massivelybedded; shell layer at0.26-0.30m, shells up ro
3cm diameter ................0.30

Sand, gray (5Y 6/l), fine- to very-fine-grained; shell frag-

:::: :::T:::::i:'i'-':::: il:l::::illil flT
Silt and sand, gray (5Y 6/1), very-fine-grained; massively

bedded shell fragments rare ........... .....1.62

USGS NUMBER 1092 (CERC #33x#33a,33b CapeHenry 8/
2r/68)

Sand, light-yellowish-brown (2.5Y 6/4), coarse-grained; and

T::: :::t:::l :::::i: ::1T:::::::::: :::J%

Sand and gravel, olive-yellow (2.5Y 6/6), coarse-grained;
(increasedamountsofgravel)......................................1.05

Sand, light-yellowish-brown (2.5Y 6/4), medium- to fine-

::T1.'"'" 
*1.1*1.* 

.T.:"'"tr :.".:ffl.

Sand, pale-yellow (2.5Y 7/4), medium- ro coarse-grained;
and gravel massively bedded ............1.49

Sand, light-gray (2.5Y 7/2),fine-gruned; and gravel; plant
roots in this interval at 0-0.15m ........0.45

Sand, pale-yellow (2.5Y 7/4), medium- to coarse-grained;
and gravel massively bedded .............0.48

NOTE: Bottom of last core liner is threaded

Thickness
(meters)

uscs NUMBER 1098 (CERC #34)

Sand, light-yellowish-brown (2.5Y 6/4), coarse-grained; and
gpvel; massively bedded; high concentration of pebbles
at .45-.60m ....................0.70

Sand, yellowish-brown (IOYR 518), coarse-grained; and
g1avel; massively bedded; high concentration ofgravel

t:T::::1il Il*T:::::::: ::i ,,,
Sand, yellowish-brown (10YR 5fr), coane-grained; and

gravel; and pebbles; iron staining; micaceous; grades
into below .....................0.68

Sand, light-olive-gray (5Y 62), medium-grained; grades into
below .......... ...................0.16

Silt, light-yellowish-brown (10YR 6/4); sandy, fine-grained;
clayey; micaceous .........1.06

Silt, light-yellowish-brown ( I OYR 6/ 4): clay ey ; sandy, fine
grained; shell fragments; micaceous ....................... 1.89

uscs NUMBER 1099 (CERC #35)

Sand, light-brownish-gray (2 5Y 6[2),tirc.- to medium-grained;* 
:::::::::: ::::::1i 

o*:* 
"u* ::: Tl3:,

'""1i::::T:::lT:::::::::::::iT*::::::13:,,
Sand, fine- to medium-grained; muddy; scattered gravel at

bottom of interval ..........0.52

Sand, fine- o medium-grained; muddy; scattered shell frag-
ments........... ...................0.38

Sand, pale yellow (5Y 7/3), coarse- to medium-grained; grav-
elly; micaceous ................ ...................0.25

Sand, light-yellowish-brown (2.5Y 6/4), coarse- to medium-
grained gravelly; micaceous ..............0.25

Sand, light-brownish-gray (2.5Y 612), cozrse- to medium-
grained; gravelly; micaceous.... ..........0.70

Sand, light-yellowish-brown (2,5Y 6/4),coarse-grained; peb-
bly; gravelly; iron stained ...................0.41

uscs NUMBER ll03 (CERC #36A)

S hell fragments; silt; and clay ; light-oliv e - gny (5Y 6 2); core
highly disturbed...... .......0.25
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Thickness
(meters)

Thickness
(meters)

Sand, olive-gray (5Y 5tZ), fine-grained; silt; and clay; shell
fragments; core highly disturbed .......0.95

Sand, olive-gray (5Y 52), coarse-grained; silq and gravel;
few shell fragments; core highly disturbed ..............0.60

Sand, gray (5Y 5/1), fine- !o medium-gpined; gravel; small
amount of siltandclay; scattered shell fragments .....1.05

Sand, gray (5Y 5/l), fine- to very-fine-grcined; sparse shell
fragments .......................1.80

Sand, gray (5Y 5/l), fine- and medium-grained; gravel
.0.35

uscs NUMBER 1120 (CERC #39)

Sand, light-gray Q.5Y 7 12),medium- to coarse-grained; abun-
dant shell fragments (up to 2cm) including Ensis, various
ottrer bivalves, and a sand dollar fragment; massively
bedded ......0.62

Sand, light-olive-gray (5Y 612), medium- to fine-grained;
massively bedded ..........0.70

Sand, light-gray Q.SY 7 12),medium- to coarse-grained; abun-
dant shell fragments, some large (up to 6cm); massively
bedded ......0.18

Sand, light-brownish-gray (2.5Y 612), fine-grained; mas-
sively bedded.................. ...................0.10

Sand,lighrbrownish-gray (2.5Y 612), fine- to very -hne-
grained,massively bedded .................1.75

uscs NUMBER 1121 (CERC #40)

Sand, light-olive-gray (5Y 612), fine- to very-fine-grained;
micaceous; massively bedded; widely scattered shells

2.36

uscs NUMBER 1136 (CERC #41)

Sand, light-olive-gray (5Y 6 2), fine- to very-fine- gnined;
micaceous; massively bedded; shelly layer in this inter-
val at 1.02-1.08m ............. ..................3.15

Clay, silty ........0.20

NOTE: Iron stain atbottom of core due to rusted core-catcher

uscs NUMBER 1091 (CERC #43)

Sand, light-olive-gray (5Y 6 l2), fine- to very-fine-grained;
silty; micaceous; massively bedded ......... -.. -... -.......4.7 0

uscs NUMBER 1094 (CERC #46) CAPE IIENRY

Sand, lightolive-gay (5Y 612),fine- to very-fine-grained;
micaceous massively bedded; shell fragments rare; well-
formed worm tubes at0.25m.; some unidentified frag-
ments, coal? ........... .......1.58

Sand, light-olive-gray (5Y 6i!), fi ne- to very-fine-grained;
micaceous; massively bedded; rare shell fragments

.....0.91

Clay, light-olive-gray (5Y 612)i silty; massively bedded; iron
staining in the surface along the core......................"...0.88

USGS NUMBER 1095 (CERC #47)CAPE, HENRY

Sand, light-yellowish-brown (2.5Y 614), fne- to very-fine-
grained; silty; massively bedded; iron stained; coarse

quartz grains rile............... .................0,44

Sand, light-gray (5Y 712),(eray color), fine-grained; silty;
clay; massively bedded ...'........'...."...0.15

Sand, pale-yellow (2.5Y 73), mixture of fine-, medium- and

coarse-grained; (poor sorting)........ .....1.08

uscs NUMBER 1096 (CERC #48)

Sand, light-olive-gray (5Y 612), fine- to very-fine-grained;
silty; micaceous; massively bedded; worm tubes in the

surface (l0cm); some coal fragments in the first 20 cm;
layer of shell fragments this interval at I .50- 1.55m ... I .80

Clay, light-gray (5Y 71); silty; with some laminations...'..0'55

Sand, light-olive-gray (5Y 6p), fine-, medium-, and coarse-

grained; poorly sorted......... .................0.55

Cobbles (6x3 cm); gravel; coarse sand; poorly sorted ....0.17

S't' olive-yerrow 
ii: ] I.llil. :T.l.::i."'* .::::::.':. i:8t
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Thickness
(meters)

Sand, very-fine-grained; silty; micaceous ......................0.20

Silt, clayey... .....0.20

Silt, light-brownish-gray (2.5Y 612)i sandy, fine-grained;
shelly; clayey silt layers in this interval at 0.30-0. 3 5m and0.48-0.51m ....................0.60

Silt; clayey; she11y........... ......0.32

usGS NUMBER 115 (CERC #59)

NOTE: possible missing core section listed below

Silt, coane-grained .............. .....................0.05

Silt, light-olive-gray (5Y 62): clayey; shell fragmenrs rare
(a few mm); massively bedded ..........3.30

Silt, gray 1SV 6/l); clayey; shell fragments rare (up ro 2cm);
massively bedded......... .......................1.g0

The following 25 cores were acquired during tlre summer of
1986.

CORE HOI

Sand, light-brownish-gray (2.5Y 62), fine- no medium-grained;
massi_ve; shell fragments up to l.5cm; oyster shell frag-
ment2cm; Spisula? 1.5cm........... .......1.Sb

Sand, very-dark-gray (5Y 3/t), fine- to very-fine-grained;
slightly silty; massive; shell fragments; in this interval
shell fragments up to 1.5cm beginning at 1.20m; well
preserved shell Splsr/c? 3cm at 1.65m; gasropods lcm
long below 1.70m .......... .....................t.90

CORE HO2

Sand, coarse- to medium-grained; wittr clay balls; shells-
oysters, clam, Ensis - up to 5.5cm .......0.17

'-1 illl i l::::':*:i: ::::l:r ::il:: :::: :s1?I

'""1 1111-1111 iT:"* :::ll :::T::: :: : ::di.
Sand, fine- to very-fine-grained; massive .....................0.44

Silt, (5Y 2/l), clayey; small amount of very-fine-sand;
massive; interspersed with clayey , silty, very-fine-grained
sand this interval ar 0.89m .............-....2.96

Thickness
(meters)

CORE HO3

Sand, fine- to very-fine-grained; massive; shell fragments up
to l-2mm grading into below .............. .....................0.22

Sand, coarse- !o fine-grained; massive; shell fragments up to

:::: ::ii:::"**i*: 3lill : ::i:: ::: Ti:1,

'""1T:i::-"::':*:i:T:::::r:::l:::::"_51il'
Sand, coarse-grained; massive; shell fragments up to 1.5cm;

grading into below .........0.09

Sand, medium- grained; massive; shell fragments several
mm; gradingintobelow ....................0.08

Sand, fine- to coarse-grained; shell fragments several mm;
grading into below............... ................0.08

Sand, fine- to very-fine-grained; massive; micaceous......0.5 I

CORE HO4

' ""T11t:-:': ll: if l 
* 

:: ::1:.: :::::TT : ::'i',';
Clay,plastic; massive; verywet............... ....0.09

Sand, very-fine-grained; silty; massive .....0.15

Clay, plastic; massive........ ....0.U

Sand, olive-gray (5Y 42), fine- to very-fine-grained; silty;
massive; in this interval shell fragments up to .8cm some
well-preserved at 1.12-1.16m; abundant shell fragments
up to 1.5cm atl.37-1.57m .................2.08

Shelly layer shell up !o 1cm.......... .............0.05

Clay, dark-gray (5Y 4ll),silty; with srringers of silty fine- to
very-fine-grained sand...... ..................0.41

Sand, very-dark-gray (5Y 3/1), hne- to very-fine-grained;
silty; micaceous ................. .................0.30

CORE HO5

Sand, olive-gray (5Y 42), fine- to very-fine-grained; mas-
sive; micaceous; locally slightly silty, fine- to very-fine-
grained sand; in this interval: shell fragments in upper
0.75m (up to 6cm long); and layer of medium- to fine-
grained sand, abundant shell fragments up to .5cm (clams,
Ensis, oyster shell 6cm long; color changes several time
throughout core as follows: very-dark-gray (5Y 3/1) at
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Thickness
(meters)

0.16m; olive-gray (5Y 52) at 0.39m, dark-gray (5Y 4i l)
at0.72m ....1.85

CORE HO6

Sand, very-dark-gray (5Y 3/l), fine- to very-fine-grained;
micaceous; massive; scattered shell fragments up to 3cm

.o;12

Oyster shell and clam shell fragments up to 7cm 1ong.....0.10

Silt, clayey; slightly sandy; massive; slightly plastic; 3cm
long bone? fragment this interval at 0.67m ............0.84

Sand, very-dark-gray (5Y 3/1), frne-grained; silty; clayey;
rnicaceous; massive; grading into slightly muddy fine-
grained sand ............. .....1.46

Sand, very-dark-gray (5Y 3/1), fine-grained; muddy; mi-
caceous; massive; with clay pods interspersed ........ 1.52

Silt, very-dark-gray (5Y 3i1), clayey; sandy; micaceous;
massive; slightly plastic; grading to clayey, silty, fine-
grained sand; with sparse clay pods lcm...................1.40

CORE HO7

Sand, very-dark-gray (5Y 3/1), fine-grained; massive; scat-
tered shell fragments of several mm ......................0.48

Sand, fine- to course-grained; poorly sorted; abundant shell
fragments of several mm; some well-preserved oyster,
scallop, and clam shells up to 5cm (which continue into
mud layer, abundant to 0.12m depth); nonhomogenous
color this interval at 0.00-0.05m ........0.12

Clay, dark-olive-gray (5Y 3/2), silty; plastic; with pods of
muddy fine-grained sand; micaceous; color changes to
very-dark-gray (5Y 3/1) .....................1.17

Mud, fine-grained sand; plastic; abundant shell fragments 3-
4cm; well-preserved oystershell 7cm .......................0.05

Clay, silty; fine-grained sand; plastic; scattered shell frag-
ments .......... ...................0.28

Shell layer; plastic fine-grained sand, silty clay; well-pre-
served oyster shell (7cm); abundant oyster shells; grad-
ing into below .......... .....0.10

Clay, silty; micaceous; plastic; some sandy pods, scattered
shell fragments; grading into below ........................0.02

Sand, dark-gray (5Y 4/1)to olive-gay (5Y 4f2),fine- to very-
fine-grained; massive; micaceous; intercalations of silty

Thickness
(meters)

ilay tlris interval at 0.63-0.76m ...........1.22

Clay, silty; with firm clay balls .................0.10

CORE HO8

Sand, grayish-brown Q.sY 5D), fine-grained; micaceous;

massive; shell fragments............... .....0.17

Sand, medium- to fine-grained; shell fragments up to 0.5cm
...0.08

Sand, dark-gray Q.sY 410), fine-grained; micaceous; mas-

sive; shell fragments up to 4cm; in this interval: oyster

shell fragment 4cm at 0.75m; coarse-grained sand with
shell fragments up to 2cm at 0.934 .97m;2.5 cm scallop

shell; grading into below ....."'............1.09

Sand, dark-gray (5Y 4ll),fine- to very-fine-grained; silty;
micaceous; massive; several interspersed discontinuous
clay pods 0.5cm .......... .'......................1.11

Shell hash.... ""'o'05

Sand,fine- iovery-fine-grained; siIty............'............'........0.07

Silt, olive (5Y 514),fine-grained sand; wittr claypods ...'...0.2 I

CORE HO9

Sand, fi ne- to very-fine-grained; micaceous .............. ....0.28

Sand, dark-reddish-gray ( I OYR 4 | l), fine- gr ained; sparse

shell fragments up to 4cm ............. .....1.03

CORE HlO

Sand, dark-gray (5Y 4lI), fine- to very-fine-grained; mi-
caceous; massive; scattered shell fragments up to lmm;
possible plant stems this interval at 0.55m ......".'...0.95

Sand, coarse-grained; shell fragments up to 6cm ........'...0.08

Sand, dark-gray (5Y 4ll),fine-grained .....0'04

Sand, fine-grained; with silty clay pods (highly indurated);
grading into below ........0.16

Sand, olive (5Y 4/3), fine-. to very-fine-grained; micaceous;

massive; somewhat silty??; color changes to olive-gray
(5Y 5/2) and olive (5Y 5/3); grading into below ....1.61

Silt, clayey; grading intobelow............. ......0'18

Clay, silty; grading inlo below............. ...'...0.15
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Thickness
(meters)

Silt, fine-grained sand; slightly micaceous ....................0.22

CORE HII

Sand, fine- to very- fine-grained; micaceous; massive; scat-
teredEnsls fragments at top, other shell fragments through-
ouq in this interval 4cm oyster shell fragment at 0.41m;
poorly sorted coarse-grained sand, abundant shell frag-
ments well-preserved clams, etc. up to 3cm at 0.33-
0.36m, and 0.40-0.45m ................. .....1.89

CORE H12

'""i::*:: ::::::::T::1 ::*:::11 :::T;lB
Sand, dark-gray 6Y alD ro very-dark-gray (5y 3/l), me-

dium-grained; abundant shell fragments up to lcm;
grading into below ........0.81

'*: * * :: ::::::::Y:::::::: * ::::bTf
Sand, fine-grained; rare shell fragments up to 2cm;

shell layer, well-preserved 2cm clam this interval; at
0.52m color changes dark-gray (5Y 4ll) ro very-dark-
gray (5Y 3/1).............. ........................1.05

CORE H13

Sand, coarse-grained; poorly sorted; abundant shell frag-
ments up to 3.5cm, Ensis, oyster and clam fragments;
grading into below ........0.27

Sand, light-brownish-gray (2 .J\ g[2), fine-grained; abundant
shell fragments up to 5cm (oyster shell) ....................0.28

Sand, dark-gray ( 1 OYR 4/ I ), fine-grained; micaceous; sparse
shell fragments ................. ..................1.49

CORE H14

Sand, coarse- to medium-grained; poorly sorted; with oyster
shells, well-preserved gastropod (5cm ) ...................0.30

Clay, very-dark-gray (5Y 3/1), silty; plastic; intercalated with

:::::::::':::T.::."' 
micaceous sand; sand 1-2cm thick

'""i: TI:3111 ::: 1? 
;i*;i ;;;;;;

Thickness
(meters)

Clay, silty; plastic; intercalated with layers of fine-grained,
micaceous sand (up to 9cm thick); piece of wood re-
moved for dating ttris interval at0.1lm ....................0.31

Clay, very-dark-gay (5Y 3/1), silty; plastic; intercalated with
fine-grained micaceous fine sand; well-preserved oyster
shell T.5cm this interval at 0.35m .......0.75

Sand, verydark-gray (5Y 3/l), fine-grained; micaceous; abun-
dant shell fragments; in this interval: Ensis at 0.05m;
well-preservedEnsls, oyster shells, clam shells at 0.28m;
fewer shell fragments at bottom of core .................0.67

CORE Hl5 - One-foot length of core, not processed.

CORE BOI

Sand, olive-gray (5Y 5f2), fine- to very-fine-grained; mas-
sive; locally very micaceous; vertical stringer of very-
dark- gray (2.5Y 3/0) sand at 0.46-0.85m; color changes
to gray (5Y 5/1) and then ro very-dark-gray (2.5Y 310);
well-preserved clam shell lcm at2.33m: few shell
fragments about lmm from 2.33m and down .........2.69

CORE BO2

Sand, olive-gray (5Y 512), fine- to very-fine-grained; mi
caceous; massive; scattered shell fragments about lmm;
color changes ftroughout as follows: very-dark-gray
(5Y 3/1) at 0.5Im; olive-gray (5Y 5l!) ar 1.37m; dark-
gray (5Y 4/I) at 1.62m .......... .............2.68

COR.E BO3

Sand, olive-gray (5Y 5f2), fine- to very-fine-grained; mi-
caceous; massive; scattered shell fragments, well-pre-
served articulated Ezsis 2cm; color changes throughout
as follows: very-dark-gray (5Y 3/1) at 0.55m; olive-gray
(5Y 5 2) then very-dark - gray (5Y 3 / l) ; l. 5cm long piece
of woodat 1.83m; gastropod 0.7cm long at2.20m...2.44

Sand, very-dark-gay (2.5Y 3/0), fine- to very-fine-grained;
micaceous; massive; scattered shell fragments ....... l. I 3

CORE BO4

Sand, olive-gray (5Y 52),frne- to very-fine-grained; mi-
caceous; massive; scattered shell fragments up to 2cm
long, Ensis, clam; clayey silt pod at 0.88-0.94m; color
changes to dark Cray (5Y 4/l) at 1.00m ..................1.89
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Thickness
(meters)

CORE BO5

Sand, very-dark- gray (2.5Y 3 l0), fine- to very-fine-grained;
micaceous; massive; sparse shell fragments of 1- 2mm

.2.00

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
micaceous; massive; sparse shell fragments of 1-2mm

1.07

CORE VT

Sand, fine-grained; with clay pods...................................0.49

Sand, medium-grained; with clay pods............................0.83

Sand, coarse-grained......... '....0.17

Sand, coarse- grained; coarsening toward bottom ............ 1.5 1

Sand, coarse-grained; andgravel; iron oxide stain....... ....1.52

Sand, medium- and fine-grained.....................................0.48

Sand, coarse-grained; andgravel............. ....0.40

Sand, medium-grained; heavy iron-oxide staining this inter-
val at 0.06-0.14m ............. ..................0.60

coRE v2

Sand, fine-grained; small amount of mud .......................1. 18

Sand, medium-grained; shell fragment3-4cm this interval at
0.21m .......... ..................0.25

""1* ll T:*T:::i: ::::::::::: :1 T::'11

Mudlayer..... .....0.03

Sand,fine-grained............ ......0.17

Mud, compact; with rock fragments (5cm) .....................0.16

Mud, compact; with scattered shells......... ....0.31

Shell layerwith mud......... .....0.06

Sand, mixed; plastic mud.-............ .............0.58

COREV3

Sand, olive-gray (5y 42), coarse- to medium-grained; rare

shell fragments up to 1.5cm .......... .....0.39

Thickness
(meters)

Sand, darkolive-gray (5Y 3 2), fine-grained; silty; massive;

some mud balls near bottom; rare gtavel; grading

into below ......'...........""0'91

Sand, dark-olive-gray (5Y 32), medium- !o coarse-grained;

rare shell fragments (oyster shells tn 5cm); some

mud near bottom ...........0.60

Clay, greenish-gray (5GY 5/l), plastic; intemrpted bylayers
of coarse sand 2cm thick this interval at0.32-0-70m;
some iron staining .........0.90

Sand, greenish-gray (5GY 5/1), coarse-grained; and mud
,...........0.24

Sand,olive-gray (5Y 52),coarse-grained ....0.20

Clay, greenish-gay (5GY 5i1), plastic .....0.13

Sand, light-olive-brown (2.6Y 5/6), coarse-grained; and gpvel
massive; iron stained (in part)........ ......0.85

Clay, olive-gtay 6Y aD),plastic.........'...........................0.13

CORE V4

Sand, fine- to medium-grained; rare shell fragment;
whole skate or ray egg case .....................................0.40

Sand, fine-grained; interbedded with medium- to coarse-
grained sand and large clay pods; 2.5cm clam shell and

other shell fragments ..'..0.50

Sand, fine-grained;bottom 10cm includessomecoarse-grained

sand ............. ..................0.35

Sand, medium- to fine-grained; small clay pods; grading into
beIow.......... ...................0.09

Sand, coarse-grained........ '....0-29

Sand, medium- to coarse-grained; and gfavel .................0.22

Sand, medium-grained........ .......................0.09

Sand, medium-grained; occasional pebbles up to 2cm; be-

coming coarser and more pebbly .......0.53

Sand, medium-grained........ ..'....................0.18

Sand, medium-grained; grading to coarse-gmined sand, and

gavel; clay pods ........'..0.39

Sand, coarse grained ............0.12
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Thickness
(meters)

Sand, fine- to medium-grained; with clast of pebbles and
medium-grained sand; grading into medium- to coarse-
grained sand wirh pebbles up to lcm ......................0.59

Sand, fine-grained.............. ........................0.09

Mud layer; pebbly fine sandbelow...................................0.06

Sand, fine-grained .............. .......................0.43

Mud, plastic .....0.03

Sand, medium-grained........ .......................0.22

Sand, medium- to coarse-grained ...................................0.53

Sand, fine-grained; silt; woodfragment.. ....0..07

Sand, fine-grained............... .......................0.52

Sand, hne-grained; mixed withgravel up to4cm thick.....0.07

Gravel, well-rounded; in sand-silt matrix; gravel up to2cm
thick............. ..................0.24

CORE V5

Sand, gray (5Y 5/1), fine-grained; silty; massive; rare
shell fragmenrs; dry.......... ..................1.0g

Sand, olive-gray (5Y 4z),medium- to coarse-grained; rare
shell fragments; some clay balls lcm; grading into
below .......... ...................0.23

Sand, olive-gray (5Y 4p) medium-grained; massive; rare* 
:::::::::::: ::1: ::::::i::: :::: ::l::,,,

Sand, olive-gray (5Y 4f2),frne-grained; massive; grading into
below.......... ...................1.10

Sand, light-olive-brown Q.5Y s!4),medium- ro coarse-
grained; rare gravel ,......1.29

The following 50 cores were acquired during the summer
of 1988. For this project, deep penetration was attempted at
16 sites. When vibracoring refused to penetrate ttre offshore
sediments, the core was removed and labeled..RUN-l,,. The
vibracorer was placed again on the sea floor and water was
purnped through the empty core liner, tius.Jetting,, down to
about the same depth where refusal was previously encoun-
tered. Vibracoring began again at this new depttr below the
sea floor; this core section was labeled "RUN-2". This pro-
gedure was repeated to attain a trotal penetration of up to 20
feet.

Thickness
(meters)

CORE Cl

Sand, olive-gray (5Y 5/2), medium- ro coarse-grained; shell
fragmenls (up to 3cm, bivalves); coarse-grained sand
abundant in this interval at 0.40-0.75m; color grading
downwards ....................0.85

Sand, medium- to coarse-grained; scattered shell fragments (a
few mm) ........................0.35

Sand, very-dark-gray (5Y 3/1), fine-grained; micaceous; scat-
tered shell fragments (a few mm) ......0.34

Sand, very-dark-gray (5Y 3/l), fine- 0o very-fine-grained;
micaceous; shell fragments (up to 2cm); 6cm clam frag-
ment this interval at 0.26m ..................0.31

Silt, sandy,very-fine-grained; scatteredshell fragments..0.05

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;

""*:1 :::l ::::::::: "'* i::::::: T::::ili,o
Sand, olive-gray (5Y 5f4,fine-grained; micaceous; shell

fragments rare(a few mm); scattered silty lamina .....0.84

Sand, gray (5Y 6il) dry; fine-grained; micaceous; very few
shell fragment ................... ..................0.91

Sand, dark-gray (5Y 4/l),medium- to fine-grained; scattered
shell fragments (up to lcm); scattered mud pods; grading
into below ......................0.50

Sand, gray (5Y 5/l),fine-grained; micaceous; scattered shell

"'-"::: T::T::: :ii: iliili i i': T:T1,
Sand, dark-greenish-gray (5GY4/1 ) fine- to very-fine-grained;

silty; micaceous; abundant pods of clayey silt; scattered
shell fragments (a few mm) .................1.45

coRE c2

Sand, very-dark-gray (2.5Y 3n), fine-grained; micaceous;
HrS smell;abundant mud pods; shell fragments at top up
to 5cm; shell fragments at the bottom .....................0.37

'""1 1ll ll1l 91 111l: llT*::i:::T::::: ::;li6

Sand, dark-gray (5Y 4/l), fine grained; micaceous; mudpods;
shell fragments ................. ..................0.78

Silt, dark-gray (5Y4l1), clayey; with sandpods, fine-grained;
few shell fragments .......0.20

"n' 31_Ti1 il: 11'l: 1111:: :::: :Ti :it_@317



PUBLICATION IO3 79

Thickness
(meters)

Silt, dark-gray (5Y 4/1), clayey; with scattered pods; gastro-

pod in this interval at 0.75m ..............1.22

Sand, very-dark-gray (5Y 3/1), fine-grained; and clayey silt;
interlayered - layers about lcm; micaceous ..........'0.93

Sand, very-dark-gray (5Y 3/1), medium-grained; shelly; mud
pods of silty clay and clayey silt lcm thick ............0'50

Sand, very-dark-gray (5Y 3/1), medium-grained; shelly ..0.05

Sand, dark-gray (5Y 4/1), medium-grained; shelly; pods of
siltyclay...... ........'..........0.45

Sand and clayey silt, shelly, interlayered.........................0.10

Sand,medium-grained; shelIy.................. ....0.20

Sand, shelly, and clayey silt; interlayered .......................0.30

Sand, medium-gpined; very shelly ..........0.10

CORE C3 RUN-I, RUN-2

Run-l
Silt, black (2.5Y 210); clayey; fluid mud; strong sulfur smell

0.10

Sand, very-dark-gray (5Y 3/1), hne- to very-fine-grained;
micaceous .....................0.45

Sand, fine- to very-fine-grained; and silty clay; interlayered,
( I -4cm); micaceous; slightly shelly ttris interval at 0.55m

0.68

Clay, silty ........0.12

Sand, fine- to very-fine-grained; micaceous; some shell hash;

gasropod this interval at 0.09m ..........0.19

Sand, dark-gray (5Y 4/1), fine- to very-hne-grained; mi-
caceous; some mud; scattered shell fragments .'.....0.36

Sand, fine- to very-fine-grained; clay and silt; interlayered
0.r2

Sand, dark-gray (5Y 4/1), fine-grained; micaceous; shell
fragments .......................0.81

Run-2 penefration-6.03m, recovery-3.05m

Silt, black (2.5Y 2/0); clayey; (fl uid mud) .....................0. I 0

Sand, fine-grained; micaceous ; scattered shell fragments

Thickness
(meters)

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
micaceous scattered shell fragments; interlayered with
srlty clay; lcm shell layer in this intewal at 0.92m

....0.95

Silt, clayey .......0-15

Sand, fine-grained; micaceous; scattered shell fragments
,...........0.10

Sand, fine-grained; clayey silt; interlayered; micaceous;

scattered shell fragments........"............................'...0.23

Shell fragments, 10cm long ...........'. .........0.04

Sand, dark-gray 6Y a/D,fine-grained; micaceous; very few
mud pods; shell hash .....0.48

Sand, fine- to very-fine-grained; micaceous; interlayered
with silty clay and clayey silt; slightly mottled ......1.14

CORE C4

Sand, very-dark-gray (5Y 3/1), medium- to fine-grained; mi-
caceous; shetly; shell fragments ....'............"...........0.60

Sand, medium- !o fine-grained; shelly; interlayered with silty
clay pieces of wood this interval at 0.28m ...............0.35

Clay, silty; with sand laminations (shelly and medium-grained
'sand, 

lcm thick) ........... ...-'.................0.61

Clay, silty ..'..--.0.32

Sand, fine- to medium-grained; micaceous; few shell frag-

ments; grading to medium-grained sand .....'. "........0.32

Sand, medium-grained; micaceous; piece of wood 6cm long

thisinterval at 0.77m........... ..................1.14

Sand, fine-grained; micaceous; few shell fragments ........0'28

coRE c5

Shells and shell hash, quartzose sand, hne-grained; (bivalves)
...0.42

Sand, fine-grained; micaceous; with laminations of shell hash

and clayey silt (less ttian lcm thickness); scattered shell

hash ............. ..................0.78

Sand, very-dark-gray (5Y 3/1), very-hne-grained; muddy;
grading intovery-fine-grainrd sandy mud...................0.3 I

.0.25
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Thickness
(meters)

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
muddy; micaceous ; with pods of very-fine-grained sandy
clayey silt............... .......1.55

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
muddy; micaceous; wittr pods of very-fine-grained sandy,
clayey silt; some scattered shell hash; shelly layer thij
interval at 0.34-0.39m ........................1.55

Sand, fine- to very-fine-grained; muddy; shelly ............0.39

Sand, fine- to very-fine-grained; muddy; micaceous; with
pods of fine-grained sandy clayey silt ....................0.95

Sand, fine- to very-fine-grained; micaceous; small amountof
silt ............... ....,.............0.15

CORE C6

'""i:':::::::Tl T::::::::::::'j"* :::1 l':*:::f ,o

Sand, fine-grained; muddy; shelly...................................0.10

'^"1 T:-::::::::::::::::::::*:::T"*::3,,
Sand, very-dark-gray (5Y 3/l), fine- to very-fine-grained;

pods of silty clay up to 15cm thick; scattered shell

il*:::.T.T.thick 
shell layer in rhis inrerval at 0.03m

Sand, very-dark-rr", (r; ;;;; . ;;;;;i, 
t

alternating layers with scattered shell fragments and silty
clay; lamination thickness ranges from less than lcm !o
lOcm; micaceous .............. .................1.54

Clay, very-dark - gray (2.5Y 3 /0) ; silty; some very-fine-grained
sand; massive .................. ...................0.47

Sand, dark-gray (5Y 4ll), fine- to very-fine-grained; mi-
caceous; shell fragments (including gastropod, EnsiJ, up
to 2cm almost a shell hash; silt and clay layer this interval
at 0.14-0.20m ................0.28

Sand, dark-gray (5Y 4/l), fine- to very-fine-grained; mi-
caceous; massive ..........1.01

CORE C7

Sand, black (2.5Y 2/O),fine- to very-fine-grained; massive;
small mud pods; abundant small shell fragments (a few
mm); sandy shell layer (Ensis,oyster shell, to 4cm) this
interval at0.25-0.34m ........................0.34

Thickness
(meters)

Sand, dark-gray (5Y 4/l), fine- to very-fine-grained; mi-
caceous; scattered shell fragments (a few mm) ..........0.5 I

Shell layer, bivalves (lcm) and fragments up to 3cm .......0.04

Sand, dark gray (5Y a/l), fine- to very-fine-grained; scattered
shell fragments; increasein mud contentatbottom (slightly
muddy sand) .......... .......0.65

Sand, dark-gray (5Y 4ll), fine- to very-fine-grained; shell
fragments (bivalve, to 4cm) ......................................0.26

Sand, medium- to coarse-grained; quartzose; abundant shell
fragments (up to lOcm clam shell, also gastropods)...0.25

Sand, olive-gray (5Y 52), medium- to coarse-grained; shell
fragmentsrare (afew mm)... ................0.26

Clay, dark-gray (5Y 4/l),silty; plastic.. ......0.11

Mud, medium-grained, sandy; shell fragments rare .........0.20

Sand, gray (5Y 5/1), medium- to coarse-grained; shell hash;
and fragments up to 3cm .....................0.43

Clay, very-dark-gray (5Y 3/l), silty; with shelly medium sand
pods orlenses (upto 3cm thick); plastic mud.............0.68

CORE C8 RLIN-I, RL]N-2, RUN-3

Run-l
Sand, olive-gray (5Y 4f2),fine- to medium-grained; abundant

shell fragments (lcm bivalves and smaller fragments);
grades into below ..........0.26

Sand, very-dark -gray (5Y 3 /l), fine-grained; micaceous; scat-
tered shell fragments ......0.36

Shell hash, (lcm bivalve and fragments to 4cm); with sand,
coarse-grained ...............0. l0

Sand, olive (5Y 4/4),fine-grained; some fine parallel lamina-
tions; scattered shell fragments; micaceous ............0.32

Run-2 jetted -2.07 m, penetration-3.08m; recovery- 1.46m
Sample 8-2 continues into core 8 Run-2
Sand, olive (5Y 4 /4), fine-grained; some parallel laminations;

micaceous; scattered shell fragments, (lcm bivalves and
smallerfragments)............. ...................1.45

Run-3 jetted-3.05m; penetration-6.04m; recovery-2.9Om
Clay, olive-gray (5Y 4[),plastic; with lenses of fine-grained

sand; up to 2cm thick ............ .............0.42

Sand, dark-gray (5Y 4ll),fine-grained; abundant shell in top
half of layer (lcm bivalves and smaller fragments); mi-
caceous .....0.25
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Thickness
(meters)

8l

Thickness
(meters)

Mud, dark-gray (5Y 4/l),plastic; sandy; shell fragments
............0.13

Sand, olive-gray (5Y 412), tne-grained; micaceous; scattered
shell fragments; and mud lenses this interval at 0.00-
0.03m and 0.05-0.07m ......................'0.73

Sand, olive-gay (5Y 42),frne-grained; micaceous; scattered
shell fragments.................. ..................0.65

Mud and fine-grained sand pods; gradual color change...O.15

Sand, very-dark-gray (5Y 3/1), fine-grained; with mudlenses
to 2cm thick; micaceous; scattered shell fragments

..0.44

Shell hash, mostly bivalves of <lcm ........0.07

CORE C9

Sand, very-dark-gray (5Y 3/l), fine-grained; micaceous; shell
fragments; (mostly lmm, also one Ensis 6cm long, gas-

ropod of 2cm); layer of silty clay and shell (lOcm thick)
this interval at0.52-0.62m; a few lenses of muddy sand
(lcm thick) ....................1.55

Sand, very-dark-gray (5Y 3/1), fine-grained; micaceous;
widely scattered shell fragment"s ( 1 m m) .................0.7 2

Sand, very-dark-gray (5Y 3/1), fine-grained; silty; micaceous;
pods of clayey silt and very-fine-grained sandy silt; few
scattered shell fragments (lmm) ........0.80

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
muddy; micaceous; abundant shell fragments (1 to sev-
eral mm); pods of clayey silt and very-fine-grained sandy
silt; in this interval shell fragment 3cm at 0.88m; piece

of wood (saved for dating) at 1.05m .......................1.73

CORE ClO RUN-I.RLIN-2, RUN-3

Run-l
Sand, very-dark-gray (5Y 3/1), fine-grained; shelly; mi-

caceous; (shells to lcm, bivalve) .......0.09

Sand, fine-grained, micaceous; interlayered with plastic silty
clay and micaceous shelly fine-grained sand; layers of <l
to l0cm thick; concentration of shells (a few mm) this
interval at 0.34-0.46m ........................0.62

Clay, very-dark-gray (5Y 3/1); silty; plastic ...................0.46

Sand, fine- to very-fine-grained; muddy; micaceous ....0.04

Shell hash, very-dark-gray (5Y 3/1), fragments up to 6cm
oyster shell and many lcm whole bivalves ............0.19

Clay, silty; shell hash; 7cm oyster shell ......'..................0.06

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
micaceous; with pods of silty clay (scattered, less than or
equal to lcm thickness) and scattered concentrations of
shll fragments (a few mm) shelly layer this interval at

1.45-1.47m(<1cm whole bivalves) ....................'.... 1.59

Run-2 jened-2.68m, penetration4.9Tm, recovery- 1.46m

Sand, fine-grained; micaceous; few pods of silty clay (<lcm
thick) scattered shell fragmens (lmm) concentration of
shell this interval at 0.54m (lcm bivalves) ...........1.39

Run-3 jened-3.72m, penetration-6'04m, recovery- 1.52m

Sand, very-dark-gray (5Y 3/1), hne- to very-fine-grained;
micaceous; scattered shell fragment (lcm bivalve); pods

of silty clay (l-3cm) ......1.16

Shell hash (<lcm fragments and whole bivalves) .....'...0.05

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
micaceous; scattered shell fragment (lcm bivalve); pods

of silty clay (1-3cm) .....0.22

CORE Cl1RUN-I,RUN-2

Run-1
Sand, dark-gray (5Y 4/1), medium- to coarse-grained; shelly,

(fragmens to 5cm)......... ....'...............0.75

Shell hash, dark-gray (5Y  /1); sandy, medium- to coarse-

grained (fragments up to 5cm) ..........0.20

Sand, dark-gray (5Y 4/1), medium-grained; scattered shell

fragments .........-............0.23

Sand, olive-gray (5Y 52), medium-grained; scattered shell
fragmens (<1cm); shell layer this interval at0.54-0.57m;
layer of shelly muddy sand, very-dark-gray (5Y 3/l) this
interval at 0.93-0.97m .........'..............1.14

Run-2 jetted-3.51m, penetration-6.04m, recovery-3.20m
Clay, very-dark-gray (5Y 3/1); silty; top 1-2cm (whole and

fragments of oyster shell up to 4cm long) ...........-..0.92

Sand, very-dark- gray (5Y 3/1), very-fine-grained; silty; clayey;

few scatteredshellfragments................'.....................0.67

Sand, very-dark-gray (5Y 3/1), very-fine-grained; clayey;
silty; few pods of silty clay Qcm thic$; mud content
increases toward bottom ..............'..................-...'... 1.57
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Thickness
(meters)

Run-2 jetted- 1.98m, penetration- 2.59m, recovery-0. 55m
Sand, dark-gray (5Y 4/l), fine-grained; micaceous; scat-

tered shell fragments (mostly 1-2mm, also a bivalve of
2cm) ............

CORE C19 RUN-I, RUN-2, RUN-3

Sand, fine- to coarse- grained; silty; and gravel; micaceous;
shell fragments up to 3cm ............. .....0.10

Run-2 jetted- 1.83m, penetration-4.88m, recovery- 1.62m
Sand, dark-gray (5Y 4/f), fine- ro very-fine-grained; mi-

caceous; scattered shell fragments up !o 6cm; shell frag-

:::: :T ::: :::T:::::l* :::* : :,%,
Sand,light-gray (5Y 6/1), medium- wirh some fine-grained;

shell fragments up to 6cm Oivalve); this interval at 0.00-
0.06m; pod of fine- to medium-grained sand, slightly
silty this interval at 0.39-0.43m .........0.46

Run-3 jetted-3.38m, penetration-S.89m, recovery-2. t0m
Sand, medium- with fine-grained; widely scattered gravel and

shell fragments; gravel up to 5cm; shell fragments up to
4cm; scattered pods of mud (lcm size); cobble this
interval at 1.85m ...........1.20

Sand, fine-grained; pod ofsilty fine sand this interval at 0.03-
0.07m .......... ..................0.38

CORE C2O RUN-I, RUN-2

Run-1
Sand, dark-olive-gray (5Y 3p), coarse- with some fine-

grained; scattered shell fragments up to 3cm ...........0.27

Cobble; sandy siltstone, in f,rne- to medium-grained sand;
rounded gravel ; shell fragments ...............................0. 1 8

Sand, dark-gray (5Y 4ll\,fine-grained; shelly; pods ofsilty
sandandgravelly shell hash, shell up ro l-2mm........0.37

Shell fragments in silty clay marix with fine- to medium-*1 * 
::i T:::: :::1 "'*::: llil 111,0

Clay, silty; lenses of fine- !o medium-grained sand; also
gravel; lenses less than lcm thick; some mica........0.30

Thickness
(meters)

Clay, dark-gray (5Y 4ll),slightly silty; lensesof medium- ro
fine-grained sand; micaceous; lenses <lcm; thin parting
of clayey silt <lmm, black this interval at 0.43m and
0.72m .......... ..................1.27

Sand, fine-grained; micaceous; with silty clay layen up to
.5cm thick .....................0.09

Run-2 penetration-6.04m; recovery-5.09m
Sand, dark-grayish-brown (2.5Y 4[),coarse- to medium-

grained; shell fragments (up to 6cm) and rounded gravel
(up to 2cm) increasing in abundance downward .......0.50

Cobble, showing alternating layers of sandstone and siltstone;
pebbles and shells common ...............0.06

Sand, dark-gray (5Y 4/l), fine-grained; abundant shell frag-
ments (up m 2mm) and some rounded gravel (<lcm);
shelly layer this layer at 0.83-0.84m .....................0.44

Shell hash, sandy; fragments up to 3cm, some gravel; silty
clay pods .......................0.08

Sand, fine-grained; some silt................ ......0.03

Clay, dark-gray (5Y 411), silty; micaceous; fine-grained sand
laminations (up to lmm); crossbed of silty fine-grained
sand and gravel <3cm thick this interval at 0.26m

Clay, dark-gray (5Y 4/l), micaceous and silty, alternating
with beds of micaceous silty fine-grained sand; layering
ranges from <lmm to lcm for sandy layers and <lmm to
5cm for clayey layers; sporadic pods of silty medium-
and hne-grained sand; sandy layers begin to range in

:::::::: ::::::: : ::::i::::* :i: l ::i"?

CORE C21

Sand, olive-gray (5Y 52), coarse-grained; few scattered
shell fragments.................. ..................0.40

Sand, olive-gray (5Y 5fl),course-grained; and gravel; abun-* :-o*:: lltl::T T:: 1:::: :TllTsx?

Clay, gray (5Y 4ll), silty; plastic; with coarse-sand pockets
this interval between 0.04-0.09m ......1.y

coRE c22

Sand, olive-gray (5Y 4f2), coarse-grained; lot of shell frag-
ments up to 6cm long) ....0.40

.0.39
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Thickness
(meters)

Sand, olive-gray (5Y 412), coarse- to medium-grained; scat-

teredshellfrgaments......... ....................0.45

'""T1::: T: lll 13l: T1T::::T1: 
* 

:::%:t?

Sand, medium-grained........ .......................0.15

Sand, olive-gray (5Y 42),coarse-grained; shell fragments up
to4cm long ............. .......0.06

Sand, medium-grained .........0.09

Sand, coarse-grained; shell fragments up to4cm long......0.03

Sand, medium-grained ..........0.07

Sand, medium-grained; abundant shell fragments ...........0. I 5

Sand, gray (5Y 4/l), medium-grained ...........................0.40

S and, medium -grained; abundant shell fragments ........0.05

Sand, medium-grained; big oyster shell this interval at 0.30m
.0.40

Sand, medium- to fine-grained; scattered shell fragments
.0.15

Sand, very-dark-gray (5Y 3/1), fine-grained; scattered shell

:::::::: 
*::Y::::1 

:l: ::* ::111il"

Sand, coarse-grained ............0.04

Sand, very-dark-gray (5Y 3/1), fine- to medium-grained;
small amounts of silq scattered shell fragments .....0.08

Sand, olive-gray (5Y 4f2),medium- to coarse-grained; gravel
(quartz) up to 2cm .........0.10

Sand, olive-gray (5Y 4 f2), medium- to coarse-grained ...0.69

Sand, olive-gray 6Y afD,medium- !o fine-grained; scattered
shell fragments; scattered gravel (quartz and rock) up to
2cm ............. ...................0.40

CORE C23

Clay, very-dark-gray (2.5Y 3/0), silty; smelly; small silty
sand pocket this interval at 0. 17-0.19m; shelly layer this
interval at 0.96m ...........1.55

Sand, silty; possibly washed in ......................................0.06

Clay, black (5Y 2.5/D, si1ty.............. ........0.31

Thickness
(meters)

Sand, dark-gray (2.5Y 4n), silty; laminations of coarse- to
medium-grained sand up !o 2cm thick; very micaceous;

no shell fragments .........0.78

Sand, very-fine-grained; micaceous ..........0.36

Sand, dark-gtay (5Y 4/1), very-fine-grained; micaceous
..0.70

Sand, coarse-grained ............0.05

Sand, very-fine-grained; micaceous; silty clay this interval
at 0.00-0.02m ................0.10

Sand, gray (5Y 5/1), coane-grained; grading into below
0.55

Sand, medium-grained........ .......................0'16

Sand, dark-gray (5Y4l1), medium- !o coarse-grained......0.59

S and, coarse-grained; gravel and pebbles up to 2cm .........0.20

Sand, medium- to coarse- grained........ '.....0.55

Sand, fine- to very-fine-grained; micaceous; shelly layer with
fine-grained sand shell (biodetritus) to 5cm long, this
interval at 0.07-0.15m ........................0.21

CORE C24

Sand, dark-gray (5Y4l1), coarse- to medium-grained......0.9 I

Sand, dark-gray $Y al\,coarse-gnined; and gavel; scat-

tered shell fragments up to 8cm ....'.....0.30

Sand, dark-gray (5Y  ll),medium- to fine-grained; higher
concentration of finer grained material at bottom; some

well-preservedbivalves 3-4cm long this interval at 0.35m

Sand, coarse- to medrum-gpined; scattered shell fragments
..0.13

Sand, dark-gray Q.5Y 4/1), medium- to fine-grained; scat-

teredshellfngments......... ....................1.16

Clay, silty; interlaminated with medium- to fine-grained sand

up to lcm thick............ .......................0.06

Sand, fine-grained; shell fragments up to 7cm long ........0.20

CORE C25

Clay, dark-gray (5Y 4/l), silty; very silty, medium-grained

..0.40
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Thickness
(meters)

sand pods in this interval ar 0.03-0.12m (with scattered
shell fragments), and 0.16-0.2Am,and 0.50-0.52m (with
shell fragments up to 2cm), and 0.70-1.03m, and l.19-
1.21m (with scanered shell fragments), and l.3l-1.33m
(witl medium- to fine-grained sand) ........................ 1.35

Sand, gray (5Y 5/l), coarse-grained; shell fragments; be-
comes silty towards bottom; silty clay pod this interval at
0.20m .......... ..................0.50

Sand, dark-gray (5Y 4/l), fine-grained; silty ..................0.10

'*: lli lll l'll T*::::1 1"* ::::.Tli:,,
Sand, coarse-grained ............0.45
Clay, silty ........0.9

Sand, coarse-grained; cobble (5cm) ...............................0.06

Clay, dark-gray (5Y 4ll),silty; and fine- ro very-fine-grained
sandlaminations upto 3cm ttrick ........0.65

Sand, dark-gray (5Y 4/l), very-coarse-grained; and gravel;
large shell fragments up to 8cm; silty clay lens this
interval at0.44-0.45m ........................0.45

Sand, gray (5Y 5/1), coarse- to medium-grained .............0.53

CORE C26

Sand, olive-gray (5Y 5f2), fine- to very-fine-grained; mi-
caceous; fine-grained sand with shell hash; fragments up
to lcm this inrerval at 1.10-l.l4m and at 1.26-1.28m;
silty, fine-grained sand laminations lcm thick at l.Z0-
1.25m; silty clay layer at l.6Gl.64m; color changes ro
dark-gray (5Y 4lDatt.Z{m ..............1.21

Sand, fine- to very-fine-grained; micaceous; some scattered
shell fragments; shell fragments up to 8cm long this
interval ato.20-0.25m concentration of shell fragments
at 0.33-0.36m ................0.69

Sand, medium-grained; shell fragments up to ?*m andclay
balls 2cm dia............... .......................0.13

Sand, fine-grained; silty; silty clay pod this interval at 0.16-

113i llll 1i i""^ :::_l::* ::l*:lJ[b
Clay, very-dark-gray (5Y 3il), silty; laminarionsof siltyfine-

grained sand; sand laminations up to lcm thick; color

::""* : 
*: 

::11 ::::1? ::::l::::i ili:1it ,,
Sand, fine-grained; silty; with silty clay laminations; clay

Thickness
(meters)

laminations vary between lcm and 10cm thick; concen-
tration of bivalve shells up to lcm long fine sand matrix
this interval at 0.04-0.13m; shell fragments up to 4cm
long at 0.54-0.56m; crossbedded (?) clay layer ar 0.56-
0.62m: concenEation of bivalve and gastropod shells up
to l.5cm, in fine sand matrixatO.62-0.69m ..............1.02

CORE C27

Sand, dark-gray (5Y 4/l), coarse- to very-coarse-grained;
scattered shell fragments .........................................0.12

Sand, dark-gray (5Y 4ll),fine-grained; micaceous; silty clay
lamination this intervalat0. 1 1m. ..............................0. 13

Sand, coarse- to medium-grained; sandy shell hash (shell

:T:T::: :: :: ::: :::l::: :T* ::3'l_1133,

' 
*i 

: ::::'i:: T::: ::::::::: :::::*:'l'*ff 3f

Clay, dark-gray (2.5Y 4/1), silty; shelly medium- ro coarse-
grained sand tlis interval at 0.08-0.1lm; silty sand pods
at 0. 12-0. l7m and 0.0.43-0.45m .............................1.20

Clay, dark-gray (2.5Y 4/l), silty; small well compacted sand
pod this interval at 0.03-0.05m ...........2.95

Silt, sandy; various amounts of fine sand.................. .......0.32

Cobbles to coarse-grained sand; (quartz); small mud pod this
interval at 0.10-0.15m ........................0.30

CORE C28

Sand, medium- to fine-grained; colors as follows: light-olive-
gray (5Y 612) tp to 0.28m, dark-gray (5Y 4/l) up to
1.30m, light-olive-gray 1SV 62)W to 1.59; shell frag-
ment 2cm long this interval at0.44m: exhibits planer
bedding at 0.50-0.60m; silty clay layer thins from 3cm ro
<0.05cm atl.99-2.02m ......................2.12

Sand, dark-gray (5Y 4/l), fine- lo very-hne-grained; mi-
caceous; scattered shell fragments <0.05cm; concentra-
tion of shell fragments some medium-grained sand this
interval at 1.62-L.72m; gradingintobelow..................2.08

Sand, medium- to coarse- grained .............0.15

Sand, dark-gray (5Yall), fine- to medium-grainedwith inter-
laminations silty clay; silty clay 3mm-lcm ttrick; sand 1-
3cm thick .......................0.67

Sand, dark-gray (5Y 4/l), medium-grained; scattered shell
fragments up to lcm ......0.26
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...0.45

Thickness
(meters)

Sand, dark-gray (5Y 4/1), fine- to very-fine-grained; silty;
widely scattered shell fragments; becomes slightly coarser
thisintervalat5.75m........... ..................Lm

CORE C29

Sand, olive-gray (5Y 52),meAium- to fine-grained; some silt;
scattered shell fragments up !o 2mm; concentration of
fragments this interval at 0.98 - I .02m; and at 0.95 - 1.4 5m
(these up to 3cm); color changes to dark gray (5Y 411) at
1.50m........... ..................2.33

Clay, dark-gray (5Y 4/1), silty; well+ompacted; less com-
pacted mud pods this interval at 0.18m and 0.32m and

llli: 11*:i::i::: :'?:7'Tl .,.l.'-".l],n

coRE c30

Clay, dark-gray (5Y 4lI), silty; scattered shell fragments
<lmm; fine-grained sandy silt layer 3cm thick at a 45
degree angle this interval at 0.20m ....0.34

Sand, fine-grained; silty; shell fragments up to 3cm; peice of
wood 2cm long this interval at 0.08m ....................0.44

Clay, dark-gray (5Y 4/1), silty with interlayers and silty fine-
grained sand; with scattered shell fragments up to lmm;
clay layers 4-5cm; sand layers 15-20cm ..................0.56

Clay, dark-gray (5Y 4lI), silty ............. .....0.14

Sand, fine-grained; silty; scattered shell fragments to lmm
0.29

Clay, dark-gray (5Y 4lD, silty; widely scattered shell frag-
ments <lmm well compacted; shell fragment.2cm long
this interval at 0.74m ....1.69

Clay, dark-gray (5Y 4lD, silty; shell fragments absent; air
pockets in center ofcore this interval at 0.13-0.17m and
0.46-0.64m ....................1.64

CORE C31 RUN-1, RIJN-2

Run-l
Sand, pale-yellow (5Y 74), medium-grained; scattered shell

fragments up to lmm; clam shell 3cm this interval at
0.3 I m; color changes to very-dark-gray (5Y 3/1) at 0. 1 5 -
1 .20m (bioturbation), pale-yellow (5Y 7/4) at 1 .20- 1.40m,
dark-gray (5Y 4lD at 1.45-2.00m (bioturbation); me-
dium- to coarse- grained sand with higher concentration
of shell fragments at2.40-2.54m, and at 2.87-2.92m

............3.05

Thickness

Run-2 penetration-3.Ilm,recovery -2.99m 
(meters)

Sand, dark-gray (5Y 4lt),fine-grained; some silt; shell frag-
ments upto2mm; plastic plug this intervalat0.35-0.45m

Sand, dark-gray (5Y 4/1), fine-grained; silty; scattered shell

:1TT::: : T:: ::: ::::i : ::: 1*: ::::::::fi?
Silt; sandy, fine-grained; scattered shell fragments <lmm

0.27

Sand, coarse-grained; silty; shell fragments <2mm; upper
contact at 45 degree angle ........... .......0.16

Silt; sandy, fine-grained; shell fragments <lmm ...........0.06

Sand, coarse-grained; silty; upper contact at 45 degree angle
..0.09

Sand, dark-gray (5Y 4/l), fine-grained; silty; scattered shell
fragments up to 4cm..... .............'.'......0.26

coRE c32

Sand, dark-gray (5Y 4ll),fine-grained; silty; scattered shell
fragments up to 2mm; large shell fragment (3cm long)

i:: ::::i 1 :l::: ::-"'* ::T:::::*i lii'
Silt; fine-grained, sandy; scattered shell fragments <lmm

..0.11

Sand, dark-gray (5Y 4/1), coarse-grained; silty; grading into
fine-grained sand this interval at 0.04m; scattered shell
fragments up !o 3mm.... .................."".0.28

S and, fine-grained; scattered shell fragments ................0.49

Clay, silty ........0.05

Sand, fine-grained; scattered shell fragments .....'.'........0. 14

Clay, dark-gray (5Y a/1); several <lmm, silty -and lamina-
tions; silty, fine-grained sand layer this interval at0.l7-
0.18m; concentration of shell at botlom contact ....0.25

S and, dark-grayish-brown (2 .5Y 4 12),frne',grained; micaceous;

silty; silty-clay.lamination (lmm thick) this interval at
0.14m; horizontal be{ding visible; color changes to light-
olive-brown (2.5Y 514) at 0.1lm .......0.16

Clay, lighrolive.brown (2.5Y 514), silty; becomes coarser
from 0.30m and down; color changes several times in this
interval to gray (5Y 5/1) at 0.04m; and dark-gray (5Y 4/
l) at0.05m; and dark-grayish-brown (2.5Y 4/t)atO.30m

......0.45
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Thickness
(meters)

Sand, dark-gray (5Y 4/1), very-fine-grained; silty; micaceous;
color changes several times in the interval from 0. l3m to
bottom alternating colors of olive gray (5Y 412) and yel-
lowish- brown (IOYR 5/8) with fine material related to*:::* 

::::T:: T::::i_ :* :: l:::::3'?'d
Sand, laminations of silty, fine-grained and medium-grained;

laminations range from lmm to 0.5cm thick............0.15

'""1:1::: ::::::-T::1 ::: *::l :T::::l *
Sand, fine-grained; micaceous; mud lens <lmm this interval

at0.04m ....0.04

Sand, medium- to coarse-grained; and gravel .................0.03

Sand, medium-grained....... ........................0.08

Sand, medium-grained; and gravel ............0.04

Clay, fine-grained sand 1enses........... ........0.08

' ""TT:-T: il I 
* 

: T:::*: * :i :: :::::&",7

Sand, dark-gray Q.sY 4n), fine-grained; some silt; mi-
caceous; begin to have shell fragments with increasing
concentration with depth ....................0.20

Shell hash; some fine-grained sand; mostly bivalves up to
lcm with racegravel .....0.26

Sand, dark-gray Q.5Y 40),very-fine-grained; silty; mi-
caceous; widely scattered shell fragments; shelly layer
this interval at 0.10-0.12m .................0.57

CORE C33

Sand, black (2.5Y 6/0),fine-grained; silty; widely scattered
shell fragments; interlayers of silty clay ranging from
0.5-6.&m thick this interval from 0.0-0.95m; silty-clay
layers at 0.32-0.38m, and 0.45-0.48m (with .5cm layer of
coarse-grained sand below), nd 0.& -0.67m ; silty, fine-
to medium-grained sand layer at 0.50-0.57m; medium-
grained sand with shell fragments up to 4cm some silt at
0.68-0.73m; color changes to dark-gray Q.5Y 4/0) at
0.48m .......... ..................1.54

Sand, fine-grained; silty .......0.34

Clay, silty ........0.03

Sand, fine-grained; silty .......0.04

Clay, silty; witl several fine-grained sand lenses ..........0.05

Thickness
(meters)

Sand, dark-olive-gray (5Y 3fZ), coarse-grained; and gravel;
abundant shell fragments up to 5cm long; pod of mud this
interval at 0.06m ................. ................0.31

Sand, dark-gray Q.sY 410), fine-grained; very silty; mud
pods; scattered shell fragments ..........0.53

Silt, clayey; interlayered with silty clay, layers range l-?*mi
shell absent ....................0.13

'"': ::-":TI y:: ::: :::): :1':: 
*::T 

::: T:"J,,

Sand, dark-gray (5Y 4ll), fine-grained; silty; becomes less

:11 ::i i::i: T: ::::1 T 1T* ::l 
nlT,,o

Sand, dark-gray (5Y 4 / I), fine-grained; gravelly ...........0. 1 7

Gravel, black (2.5Y 2/0); with silty fine-sand; scattered shell
fragments ......................0.32

Silt, clayey; more clayey at top; some gravel at bottom
.0.16

Gravel, with silty fine-grained sand; scattered shell frag-
ments; gravelly silt layer this interval at 0.14-0.15m;
higher concentration of shell fragments with some me-
dium-grained sand loward bottom ...........................0.26

Silt, black (2.5Y 2lA),ctayey............ .........0.06

Gravel and shell fragments, with silty fine-grained sand and
some medium-grained sand ....................................0.25

Clay, silty; interlayered with clayey silt; with gravel; shows
horizontal bedding ........... ...................0.07

Gravel and scattered shell fragments; with medium- to coarse-
grained sand and silt............... ............0.17

Sand, gray (5Y 5/l), interbedding of silty, fine- and medium-
grained; clay ball this interval at 0.09m .................0.10

Sand, gray (5Y 5/1), medium- to fine-grained; and gravel;
trace clay; abundant shell fragments .......................0. 1 7

CORE C34

Sand, olive-gray (5Y 52), medium-grained; trace of coarse-

::i ::::T:* :i:. ::i:': ::::::i :T:::}:tB
Sand, fine- to medium-grained; widely scattered shell frag-

ments; mud lamination up to 2mm thick this interval at

3:1li: lTT*':::: TT:iTi il l il ? T{,,
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Thickness
(meters)

Sand, dark-gny (5Y 4/I), fine- to very-fine-grained; widely
scattered shell fragments; layer of abundant shell frag-
ments 2cm ttrick this interval at 043m ....................1.05

Sand, medium-grained; shell fragments............................0.02

Sand, dark-gray (5Y 4/1), very-fine-grained; silty; with layers
of medium-grained sand and shell fragments this interval
at 0. I 3-0. 14m, and 0.23 -0.26m; pod of coarse-grained
sand at 0.33-0.38m; 0.5cm thick layer of silty clay at
0.39m.......... ...................0.39

Sand, olive-gray (5Y 5 2), coarse-grained; shell fragments;
several mud pods ...........0.17

Sand, fine-grained; and shell fragments ..........................0.06

Sand, olive-gray (5y 52),coarse-grained; abundant shell
fragments .......................0.11

Sand, dark- gr ay (t5Y 4 / l) very-fine-grained; silty ..........0.52

coRE c35

Sand, medium-grained; in mud mafrix; shell fragments up to
4cm ............. ..................0.08

Clay, very-dark-gray (5Y 3/l); pods and discontinuous lami-
nations of fine-grained sand common; pods toward sur-
face con[ain medium-grained sand and mud; scattered
fragments of wood this interval at: l. I 5- 1.20m, and 1.3 5-
1.56m, and 1.80-1.95m; color changes to dark-gray (5Y
4/1) at0.80m; abundant fine-grained sand laminations at
4.15-4.60m; sand laminations increase in thickness and
interlayers of claybecome more silty and ttrinnerat5.25-
5.42m .......... ..................5.42

Sand, gray (5Y 5/1), medium- to fine-grained; grading to
very-fine-grained sand at bottom; interlayered mud and
fine-grained sand ttris inierval at 0.35-0.38m, and 0.42-
0.46m; trace of gravel at bottom contact this interval at
0.48m .......... ..................0.48

Clay, silt matrix; pods of green, compacted clay; scattered
shell fragments; colors : clay, dark-greenish-gray
(5GY /1); silt, dark-gray $Y afi) .....0.12

coRE c36 RUN_I, RUN_2, RLrN_3, RUN_4

Thickness
(meters)

Run-2 jetted- 1. 13m, penetration-2.41m, recovery- 1.37m

Sand, pale-olive (5Y 6/3), medium-grained; scattered shell
fragmens; plastic plug this intervalat0.22-0.32m; color
changes o olive-gray (5Y 512) this interval at 0.15m;
silty-clay pod with color ofdark-gray (5Y 4/1) this inter-
val at 1.02m; grades into below .........1.15

Sand, fine- to medium-grained; scattered shell fragments
...4.23

Run-3 jetted-2.35m, penetration-3.08, recovery- 1.07m

NOTE: top 0.4m of tube empty; measurements not exact; core
disnrbed
Sand, olive (5Y 5/3), medium-grained; abundant shell frag-

ments; color changes to grcy (5Y 5/1) this interval at

0.55m .......... ..................1.03

Sand, dark-gray (5Y 4ll),fine-grained; abundant shell frag-
ments.......... """""""""'0'33

Run-4 jeued-2.99m, penetration-3.96m, recovery- 1.0 I
Sand, gray (5Y 5/l), fine- to medium-grained; abundant shell

fragmens; darker colored parting this interval at 0.33m;
plastic plug this interval at0.77-0.87m .....................1.00

CORE C37

Sand, dark-gray (5Y 4ll),fine- to very-fine-grained; mi-
caceous; scattered shell fragments; concentration of shell
fragments mostlyEnsis this interval at0.12-0'l4m; lami-
nations of silty clay up to 2cm thick at 0.53-0.65m and

1.29-1.30m grading into below ..........2.00

Sand, dark-gray (5Y 4/1), medium- to fine-grained; shelly
layer in sand matrix, fragments up to 3cm this interval at

0.45-0.53m; shell layer in sand matrix, gastropods and
bivalves up io 8cm at0.75-0.80m '......0.82

Sand, dark-gray (5Y 4/I), fine- o very-fine-grained; mi
caceous; silty sand layer this interval at 0.3 I -0.33m ; silty
clay layers at0.46 and 0.56 (lcm) ..........................2.14

CORE C38

Sand, very-dark-gray (5Y 3/l), frne- to very-fine-grained;
micaceous; Ensis shell fragment 4cm long this interval
at 0.81-0.84m ................1.03

Sand, dark-olive-gray (5Y 312),coarse-grained; some gravel
.....0.08

Sand, medium-grained; silty ........................0.03

Sand, medium- to coarse-grained; shell fragments up !o 4cm
0.06
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Thickness
(meters)

Sand,_very-dark -gray (5Y 3 / l), medium- ro fine-grained; silty
clay this interval ar 0.00-0.01m .........0.22

Sand, very-dark-gray (5Y 3/l ), medium-grained ............0. 1 I

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
mrcaceous .....................0.30

Clay, silty; some fine-grained sand; micaceous ..............0.15

Sand, coarse-grained; silty; and gravel; shell fragments up to
7cm ............. ...................0.2t

Clay, dark-gray (5Y 4lI),slighty silty; high degree of com-
paction; small pods of coarse-grained sand this interval at
l.&-1.74m;0.5cm thick layer of shell fragments thisintervalat3.20m ..........3.96

coRE c39

Sand, dark-gray (5Y 4/1), very-fine-grained; massive; scat-
tered shell fragments up to 4cm Ensis; dark band this
interval at 0.10-0.12m ........................1.54

Sand, medium-grained; and gravel; shell fragments..........0.05

Sand, fine- to very-fine-grained; some medium-grained sand;mrcaceous .....................0.22

Sand, coarse- to medium-grained; trace of gravel.............0.03

Sand, dark- gray (5Y 4/1), fine- to very-fine-grained; mi-
caceous; scattered shell fragments; trace of subrounded
glavel concentration of gravel and shell fragments up to
4cm this interval at 0.46-0.56m; piece of wobd 4cm lbng
at 1.28m; concentrarion of bivalve shells at 2.05 -2.09nr:
layer of silty, fine-grained sand at 2.79-2.g4m; layer of
silty clay x2.89-2.95m; shell hash wirh fragmenn up ro
3cm with coarse-grained sand at 3.29-3.Am: lamina-
tions of silty clay and silty, fine-grained sand up to lcm
thick at 3.42-3.46m .-......3.59

coRE c40

Sand, dark-gray (5Y 4/l), very-hne-grained; micaceous;
massive; widely scattered shell fragments ............. 1.45

Sand, dark-gray (5Y 4/t), very-frne-grained; micaceous;
massive; scattered shell fragments up to lcm; several
pods of silty, fine-grained sand this interval at 0.55-
0.70m; lcm wide shell layer (clams lcm at an angle) at
0.80m .......r.S:

Sand, dark-gray (5Y 4/l), very-fine-grained; micaceous;
massive; widely scattered shell fragments; lcm thick
Ienses of silty hne-grained sand common .................I.49

Thickness
(meters)

coRE c41

Sand, dark-gray (5Y 4/1), fine- to very-fine-gruned; silty;
micaceous; widely scattered shell fragments; in ttris
interval: lcm wide layer abundant shell fragments <lcm
oriented at 45 degree angle at 0.30-0.35m, horizontal
layer of abundant shell fragments 1cm at 0.42-0.44m,
abundance of Ensis at 0.20m .............1.31

Sand, dark-greenish-gray (5GY 4/l), fine- n very-fi ne-grained;
micaceous; silt$ widely scattered shell fragments up to
lcm; in this interval: decrease in sand and increase in clav
content at 0.37m; silty clay with scattered occuoences of
very-fine-grained sand at 0.55m; scattered coarse grains
of sand below 0.54m .......... ,...............A.74

Clay; some silt............... .......0.17

Sand, gray (5Y 5/l), medium- to coarse-grained; and gravel,
scatteredshell fragmenrs <l cm..................................0.36

Sand, medium- to coarse- grained........ ......0.03

Sand, gray (5Y 5/l), fine- !o very-fine-grained; widely scat-
tered shell fragments up to lcm; gathering of shell frag-

::::::*: 1T-::1': lllitllll::l1T,,u

coRE c42

Sand, very-dark-gray (2.5Y 3/l), very-fine- grained;
micaceous ......................0.13

'""1 ilT :::""' :: :::::: :::T:T::::::: :,ilT
Sand, medium- to fine-grained .......................................0.05

Clay, dark-gray (2.5Y 4/1); laminations of medium- ro fine-
grained sand and silty-clay up to 2cm thick ..............0.28

'""1 11:-Ti' 1:Tll: :::TiT::::: :: i:T, 0,

Sand, dark-gray Q.5Y 4/l),fine-grained; micaceous; scat-
tered shell fragments; silty sand layer this interval at
0.15m .......... ..................1.00

Sand, medium- tofine-grained; micaceous......................0.48

Sand, dark-gray (5Y 4/1), medium- to fine-grained; mi-
caceous; shell fragments up to 2cm .........................0.25

Sand, dark-gray $Y a/\,very-fine -grained; micaceous;
variable amounts of silt and clay along core; in this
interval: silty sand at 0.00-0.40m, clayey sand at 0.40-
0.70m; siltysandat0.T0-0.81m ...........0.81
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Thickness
(meters)

Thickness
(meters)

Sand, very-fine-gnined; silty; clayey; variable amounts of
silty clay along the core, no lamination pattem, looks
like disrupted lenses of sand, silt and clay; in this layer:
sirtvcrav raver 

ll3.l]-*:.:i:""r* :: L'TL..r.r,

Clay, dark-gray (5Y 4/1 ), silty; pods and stringers of silty fi ne-
grained sand; scattered shell fragments lmm along clay/
sand boundary; in this interval: 3cm pebble at0.92m;
becoming more sandy at 1.17m ..........1.38

Sand, gray (5Y5/l), medium- to fine-grained; micaceous
..0.11

CORE C43

Sand, dark-gray (5Y 4ll), fine- to very-f,rne-grained; mi-
caceous; mud pod this interval at 0.78-0.80m; layer of
coarse shelly sand, shell fragments up to 6cmatl.24-
1.30m .......... ..................1.77

Sand, fine-grained; widely scattered shell fragments; shell
fragments up to 3cm this interval at 1.48m ...............1.48

Sand, fine-grained; interlaminated with silty clay; lamina-
tions up !o 2cm thick ......0.25

Sand, dark-gray Q.5Y 4/l), very-fine-grained; micaceous;

::i :i:: 
* 

::: :::l:T::::::::1 ::::'::5.'

CORE C44

Sand, dark-gray (5Y 4ll),fne- to very-fine-grained; mi-

:"'*:::*:1 T:::3 ::: :T :::l1l 11 111,1.

Sand, coarse-grained; shelly; fragments up to 8cm ..........0.09

Sand, dark-gray (5Y 4/l), medium- to fine-grained; mi-
caceous; abundant shell fragments;shell fragments up to
5cm throughout; shelly sand layers this interval at 0.13-
0.17m, 1.48-1.52m, and I.73-1.79m; abundance of
bivalve shells this interval at 1.87-2.05m ...............2.35

Sand, coarse-grained; interlaminated with silty clay; lamina-
tions up m lOcm thick; coarse-grained sand - color gray
(5Y 6/1); silty sand - color gray (2.5Y 5/I); piece of wood
(sample taken) 6cm long ttris interval at 0.80m .....1.15

Sand, dark-gray (5Y 4/l), medium- uo fine-grained; widely
scattered shell fragments ........................................0.09

CORE C45

Sand, fine- to very-fine-grained; micaceous .................0.02

Sand, coarse- to medium-grained; scattered shell fragments

up to lmm ...'.................0.08

Sand, fine- to very-fine-gained; micaceous; scattered shell

fragments ......................0.05

Sand, very-dark-gray (2.5Y 7n), muddy; some shell frag-
ments .......... ...................0.10

Clay, dark-gray (5Y 4/1), silty; with laminations of shell hash

and silty sand up to 2cm thick ..............................'... 1.20

Clay, silty; laminations of muddy sand up 0o 3cm .........0.15

Sand, dark-gray (5Y 4/l), medium-grained; scattered shell
fragments .......................0.61

Sand, coarse-grained; shell fragments up to 7cm, gasfropod

and bivalve ....................0.15

Sand, dark-gray (5Y 4/l),medium- io fine-grained; scattered
shell fragments; silty clay lense up to 2mm this interval
at 0.59m ........................1.14

Sand, coarse-grained; abundant shell fragments up to 5cm,
bivalves """"""""""""0'22

Sand, gray (5Y 5/l), medium-grained; silty fine-grained sand

layer showing more compaction this interval at 0.30-
0.38m .......... ................"0.49

CORE C46

Sand, dark--gray (5Y 4/l), fine-grained; micaceous; scattered
shell fragments; in this interval: concentration of shell
fragments at 0.30-0.40m, silty clay with very hne-grained
sand at 0.40-0.44m ........0.76

Sand, coarse-grained; shelly; silty clay; shell fragments up to
4cm ............. ...................0.19

Clay, silty; scattered sheIIfragments..................................0.10

Sand, silty; scattered shell fragments..............................0.10

Sand, silty; with larninations of silty clay up ta 2cm .....0.16

Sand, dark-gray (5Y 4/l), medium-grained; scattered shell
fragments ........:............ --------.,............0.24

Sand, gray (5Y 5/l), medium-grained; small amount of silt
and clay; scattered shell fragments; shell hash $ris inter-
val at 0.05-0.11m ............ ...................0.34
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Thickness
(meters)

Clay, gray (5Y 5/l), silty; laminations of fine-grained sand;
laminations range from 1-5cm; in this interval coarse-
grained sand layer at 0 .36-0.42m; pod of coarse-grained

""":::i:: l*1 i::: 
* 

::::::: ::::: :flT
Sand, coarse-grained; shelly; fragments up to 4cm .......0.06

Sand, dark-gray (5Y 4 / l), medium-grained; scattered shell
fragments <lmm ...........0.48

Sand, medium- to fine-grained; with silty clay laminations up
to?*m .......0.16

Sand, coarse-grained; abundant shell fragments; silty clay
layer this interval at 0.03-0.05m ........0.28

Sand, medium- to fine-grained; scattered shell fragments
about lmm ....................0.36

CORE C47

Sand, dark-gray (5Y 4/l),fine- to very-fine-grained; mi-

:"'*::: :::l-"''::T::::::T::::1lll3 i3_' f '#
Clay, dark-gray (5Y a/1), slightly silty; with laminations of

coarse- and fine-grained sand; laminations range from I -
5cm; several large shell fragments up to 8cm this interval
at0.99m ....1.84

Sand, coarse-grained; shelly; scattered shell fragments up to
5cm; silty-clay layerthis interval at0.20-0.30m.........0.45

Sand, gray (5Y 5/l), medium- to coarse-grained; widely scat-
tered shell fragments up to lmm; trace of subangular
gravel .......... ..................0.70

CORE C48 RUN-I, RUN-2, RUN-3

Run-l
Sand, light-olive-brown Q.sY 414), medium- to coarse-

grained; scattered shell fragments up to 2cm ...........0.82

Sand, olive-gray (5Y 412),tine- to coarse-grained; fewer scat-
tered shell fragments than above ........1.06

Run-2 jetted- 1.92m, penetration-4.39m, recovery-3.99m
Sand, light-olive-gray (5Y 6/2), coarse- to medium-grained;

with pods of darker colored coarse- to medium-grained
sand; trace of shell fragments up to 2mm; in this interval:

Thickness
(meters)

plastic plug at 0.47-0.57m; large shell fragment 5cm at
1.42m: layer of dark gray coarse to medium-grained

TllllT* ::: ::) :: : :: i ::::: : :y: :re
Sand, dark-gray (5Y 4/I), coarse- to medium-grained; scat-

tered shell fragments; pods of light brownish gray (2.5Y
6D ............. ...................1.00

Sand, fine- to medium-grained.............. ....0.13

Sand, dark-gray (5Y4l1), coarse- to mediun-grained; podsof
light-brownish-gray (2.5Y 612); layer of medium- 0o

fine-grained sand this interval at0.25-0.27m; fine sandy
silt at 0.71-0.74m ............. ..................0.80

Run-3 jetted-4.Am, penetration-6.04m, recovery-L.22m
Sand, olive-gray (5Y 412), medium- o fine-grained; widely

scattered shell fragments in this interval, becoming
coarse- to medium-grained at 1.40m; becomes very shelly,

:T:T::: :1 l1 1 llT T31rT:::: :T: 1 3!?i',:ffi
Sand, dark-gray (5Y 4/l), medium- to fine-grained; plastic

plug this interval at 0.11-0.19m .........0.n

CORE C49

Sand, light-olive-gray (5Y 612), medium- to coarse-grained;
widely scattered shell fragments .............................0.50

Sand, olive-gray (5Y 52), medium- to coarse-grained; widely
scattered shell fragments in this interval; color mottle of
light-olive-gray (5Y 62) at 0.20-0.25m; larger percent-
age of coarse-grained sand near bottom .................1.11

Sand, dark-gray $Y a/D, coarse- to medium-grained; scat-
tered shell fragments up to lcm ..........I.52

Silt, very clayey ....................0.02

Sand, olive-gray (5Y 52), fine- !o medium-grained; scattered
shell fragments; becomes finer toward bottom; shell
fragments to2.5cm ........0.86

Sand layers, dark-gray (5Y 4/l), fine-grained and silty, fine-
grained........ ...................0.13

Clay, silty; pods of medium- to coarse-grained shelly sand;
shell fragments up to 3cm ............. .....0.21

"":1_:1 lll l11l lll:: :::' :1'1 :':: """' ::x ,,
Clay,silty; and shellymedium-tofine-grained sandinpatches;

gravel in medium- to fine-grained sand ; shells up to 3cm
...........0.56
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Thickness
(meters)

Sand, frne- to very-fine-grained; micaceous; widely scattered
shellfragmentsupto0.5cm ..................0.61

coRE c50

Silt, dark-gray (5Y 4/1); micaceous; with very-fine-grained
sand and clay; pod of fine-gtained sand this interval at
0.42m; grading into below .................0.54

Clay, silty; micaceous ...........0.30

Sand, very-dark-gray (5Y 3/1), mottles of fine-grained sand

::1"'* :* :::: T: ::: :L0j* Yii o,
Clay, gray (5Y 5i1) ...............0.41

Clay, dark-gray (2.5Y 4/l), silty; well compacted .........036

C1ay............ .....1.07

Clay, dark-gray Q.5Y 4/1), silty; well compacted; scattered
shell fragments this interval at 0. 1 8m and 0. 53m ....... 1. 5 3

Clay, silty; compacted; shell concentrations this interval at
0.54m and 0.70m ............. ...................1.11

"b-:l-11*:T::::: :111: :1: :':::T* ::it *
Shell hash, dark-gray (5Y 4/1), in clay matrix ..............0.39
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ABSTRACT

The mineral composition of ttre 3- to 4-phi (0.125 to

0.063 mm) size fraction of 49 surficial grab samples,located
north and south of ttre entrance to Chesapeake Bay and of 38

surficial samples, located in ttre bay mouth, was determined
during ttris study. Although up to 17 minerals were identified,
principal components analysis indicated that seven minerals
accounted for 96 percent of the composition variance in the

bay samples. By using Q-mode factor analysis, three mineral

composition end-members (factors) were selected from the

sample data and provided an adequate description of the

spatial variation in heavy-mineral composition. The end-

members suggest possible mineral sources.

One end-member (amphibole, pyroxene, and epidote),

shows that the interior of the bay is a possible source for the

amphibole and pyroxene in the samples. A second end-

member, comprised of zircon, garnet, and amphibole, sug-

gests two different sources for the sediment, (one source is in

the lower bay and ttre other is south of the bay mouth). The

sample composition gradient of a third end-member, com-

prised of garnet, amphibole, and epidote, suggests sediment

transportinto thebay resulting from southerly littoral drift
along the Delmarva Peninsula. This sediment flux from the

north does not appear lo bypass the bay mouth and move

soutl, at least not in the sampled area extending up to 5 km

olfshore.

lFurg-Depto De'GeociQncias, CX Postal474, Rio Grande/Rs. CEP 96.200, Brasil
tvirginiainstituteof MarineScience, School of Marine Science, College ofWilliam and Mary,GloucesterPoint,Yirginia23062
3Virginia Department of Mines, Minerals and Energy, Division of Mineral Resources, Charlottesville,Yfginia 22903
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INTRODUCTION

FACTOR ANALYSIS

When dealing with a large number of samples and many
columns of observed measurements, such as heavy-mineral
data, it is commonly difficult to determine meaningful trends
related to geologic p(rcesses by merely inspecting the data.

Q-mode factor analysis, a mathematical procedure, can be
used in an attempt to simplify such multi-variable data.
Because this study relies on Q-mode factor analysis, defini-
tion of terms and a brief explanation of the mettrod is given
here; however, references and a more complete discussion is
given by Berquist (1986).

Successful use of Q-mode factor analysis can result in a
reduction of the number of variables in a large array of data to
a few new variables, called factors. The factors, just like
samples, have a defined composition in terms of the original
variables; the compositions of all samples are ttren redefined
in terms of a few factors instead of the many, original
variables. Forthe analysis of mineral-composition data in this
study (the minerals are the variables), we required ttrat the
composition of each of the factors (new variables) should
approximate tle composition of actual samples. For example,
if three actual samples are mathematically chosen from the
data, the result is called a 3-factor solution and the composi-
tion of each of the three chosen samples becomes ttre compo-
sition of a respective factor. The original compositions of all
the samples are then redehned, and instead of being com-
prised of garnet, staurolite, zircon, etc., the samples may be
comprised of, say, 80 percent factor I, 10 percent factor II, and
10 percent factor III. During the computation, the composi-
tion of each factor may be adjusted and then may only ap-
proximate ttre composition of its corresponding actual sample.
The "approximated" compositions are called "end-members".

At the completion of the method when applied to heavy-
mineral data, an imporfant relationship exists between the
factor composition and original variables. The two or three
minerals commonly making up the bulk of the composition of
each factor define a mineral suite, or mineral assemblage. In
other words, the use of Q-mode factor analysis defines min-
eral suites (factors) and redefines the composition of all
samples in terms of these mineral suites.

Successful use of factor analysis on mineral-composition
data is followed by more common approaches of explanation
and interpretation. Much the same as making a con[our map
of zircon concentration over a study area, we can make a
contour map of factor concenrations. A mineral suite defin-
ing a particular factor may be the mineral assemblage that
represents a geologic province. The factor composition
gradient in the study area should point to the local (as opposed
to ultimate) origin (area of highest concentration) of that
mineral assemblage. Also, the down-gradient direction should
reflect the direction of transport, or dilution, of the mineral
suite away from its source. Thus, sediment transport path-

ways are defined by the gradient patterns. An analogy is the
case where a small amount of dye is inroduced into a larger
amountof water; concentration of thedye will be highestatits
source of entry and decrease away from its source. In
summary, two reasons, or applications, for using factor analy-
sis on heavy minerals are, one, a geologic province may be
identified and, two, a local source and sediment transport
directions may be suggested.

IIEAVY MINERALS AND SEDIMENT TRANSPORT

Heavy minerals can be used as natural tracers to define
provenance or to assist with studies of sediment transport.
The relationship of bottom sediment movement between
Chesapeake Bay and the inner continental shelf has been
discussed by Firek (1975), Firek and othen (1977), Berquist
(1986), Colman and others (1988), and Hobbs and othen
( 1 986). In these studies provenance and transport direction of
sediment were identified, but more data were needed from the
inner shelf. The recognition of sedimentary provinces in the
lower Chesapeake Bay and inner continental shelf is compli-
cated by the existence of multiple sediment sources. Little
knowledge about the sediment transport processes make it
difficult !o separate the effects of the natural estuarine proc-
esses from anthropogenic influences in the sediment source
areas.

Previous studies (Firek, 1975; Firek and others, 1977;
Berquist, 1986) show that the spatial distribution of selected
heavy-mineral suites helps to identify the sedimentaryprove-
nance of the complex mineral assemblages. Firek and others
(1977), using the mineral distribution patterns in conjunction
with analysis of variance, were able to identify characteristic
mineral suites for arbitrary geographic areas within tle lower
bay. Firek and others (1977) also subjected seven major
heavy minerals to an R-mode factor analysis, using a 2-factor
solution, and proposed that sediment maturity and sediment
provenance may have contributed to the observed mineral
suites. Based on the relationships of the minerals in each

factor and on the way the minerals of the predefined areas

compared with one another, Firek and others (1977) found
evidence of a bayward influx of littoral and inner shelf
sediments.

Berquist (1986) combined Firek's (1975) data with new
data from near the bay-mouth area. Q-mode factor analysis
defined three suites or end-members. Concentration gradi-
ents of one of the factors (a mineral assemblage) were not
easily explained in terms of provenance. Of the other two
factors, one showed sediment transport into ttre bay, whereas

the concentration gradient of the other factor suggested a

source within the bay. These findings are in agreement with
Firek and oth er s (197 7). Firek's ( I 975) and Berquist's ( I 986)
heavy-mineral trends were based on data from the northern
inner shelf and the bay mouth.

The primary objective of the present study is to project
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the sediment transport pathways defined by Berquist (1986)

and Firek (1975) using the heavy-mineral variability in the

Chesapeake Bay mouth into the inner continental shelf of
Virginia. A second purpose is to provide more information on
particular mineral assemblages along the inner shelf, espe-

cially south of the bay. This study includes part of the data
previously analysed by Firek (1975) and Berquist (1986) as

well as 49 new grab samples from the Virginia inner shelf
(Figure 1). The study relies upon heavy-mineral composition
gradients obtained through Q-mode factor analysis. Figure I
defines the study area and shows the location of the samples

used.

METHODS

The 49 grab samples used in this study were obtained
while conducting a project funded by the Virginia Subaque-

ous Mineral and Materials Study Commission (Berquist and
Hobbs, 1988). Approximately 0.75 grams of the archived
heavy mineral samples were sieved tro remove the 3- to 4-phi
(0.125 to 0.063mm) size fraction. A portion of this fraction

was mounted on a glass slide with Caedax. The heavy

minerals were point-counted using a perographic micro-
scope. Seventeen minerals, including opaques, were identi-
fied. Based on their apparent variability in the samples only
seven transparent minerals were selected for this study. Point
counts continued until at least 2ffi Eansparent grains were
counted on each slide. This resulted in a total count of 300 to
600 grains per slide. This wide range is due to the variable

concentrations of the opaques in the samples. To check

reproducibility between individual observations, minerals on
two slides were identified and counted by two of us, and the

results compared. The results showed replication to within 3

percent in each mineral species.
The complete data set included the 49 grab samples and

38 additional samples analyzel with similar methodology
from Firek (1975) and Berquist (1986). The final data matrix
consisted of seven minerals (zircon, sphene, amphibole, epi-

dote, staurolite, pyroxene, and garnet) from 87 samples (Table

1). These seven minerals (Table 1) were chosen because
principal components analysis performed previously by Ber-
quist (1986) showed them to account for 96 percent of the

mineral variability among samples, in tle lower Chesapeake

Bay area. In order tiat ttre composition of all samples added

up to 100 percent, the composition of samples characterized

by more than the seven minerals were normalized.
These data were analyzed by Q-mode fac[or analysis.

The analysisandconclusions arebased on the assumption that

high concentrations of heavy minerals are found at or near the

source (or end-member) and that these concentrations de-

crease away from the source by dilution with other materials.

It is the concentration gradients that make the use of factor
analysis particularly suitable. For each faclor, the concentra-

tions of the factor in the samples were plotted on a map and

values were contoured. The frnal results are shown in Figures

2,3,and4 and in Table 2.

RESULTS AND DISCUSSION

We attempted 2-,3-, and  'frcnr solutions, but the 3-

factor solution was chosen as the most appropriate for the

problem at hand. The 2-factor solution showed high commu-

nality values foreach factor used to describe the samples,but
large negative end-member compositions made this solution

unrealistic. The 4-factor solution showed high communali-

ties and no negative values of end-member compositions, but

two end-members were redundant as they had nearly the same

composition. The 4-factor solution was rejected.
The best practical description was achieved with the 3-

factor solution because it accounted for 98.3 percent of the

variance, had positive composition loadings, high commu-

nalities for each sample, and provided good reproduction of
the raw-data matrix. Most importantly, the locations of the

end-members (Figure 1) represented by the 3-factor solution

provide a reasonable geologic explanation. The first end-

member (composed entirely of factor I material) is located

inside the bay midway between the mouth of the James River
and Cape Henry. The second end-member (composed en-

tirely of factor II) is located on tle inner shelf south of the

bay's mouth. The third end-member (composed entirely of
factor IID is located in the vicinity of Fishermans Island. The

compositions of the end-members are listed in Table 3.

Figures 2, 3, and 4 are contoured plos of the factor abundance

(listed in Table 2) in each sample from the 3-factor solution.

Factor I is comprised, in order ofdecreasing abundance,

primarily of amphibole, pyroxene, and some epidote (Table

3), and is an immature mineral assemblage' The plot (Figure

2) of factor I shows a trend of decreasing concentration

offshore suggesting sediment Eansport out of the bay and to

the south. This interpretation differs from what we should

expect from the circulation studies done in the inner shelf

adjacent to the bay mouth (Boicourt, 1981; Harrison and

others, 1967) and modern shelf andbay sedimentation (Swift

and ottrers, l97l ; Hobbs and others, 1986; Colman and others,

1988). However, relevant studies regarding sediment trans-

port and bottom types in this area were conducted by Ludwick
(1970,1974) and others, who estimated botlom shear stress

and found net sediment transport near the bed can be ebb-

dominated around Cape Henry. His studies support our

interpretation of offshore transport in this area. Furthernore,
Ludwick's (1978) study of coastal currents from the entrance

of Chesapeake Bay to south of Virginia Beach found thattidal

currents are rotary, with major elliptical axis nearly parallel to

the shoreline. These tidal currents produce a net southerly

curent at depths of 8 to 15 meters. Ludwick postulates tlat
wave motion superimposed on this net southerly tidal current

produces a souttrerly flowing stream of sand about 5 km wide

off Virginia Beach (Inman and Dolan, 1989).
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Tablc l. Raw-data mal.rix pcrccntagcs.

SAMPLE ZIRCON SPHENE AMPHIBOLE EPIDOTE STALIROLITE PYROXENE GARNET

139

140

t4l
142
r43
144
r45
r46
147

148

149
150

l5l
r52
r53
154
155

156

r57
r58
159

160

t6l
162
163
t&
r65
166

16ti

169
170

nl
t72
r73
174
r75
176
r77
G30
G34
G41

G45
G49
G58
G59
G65
G71

G84
Gr00
GI
G2

0.00
4.14
3.27
0.60
0.00
r.72
6.94
l.l6
1.39

0.56
3.52
2.40

14.86
6.67
1.40
0.58
4.03
2.35
5.00
2.2r
3.57
5.26

l1.80
0.58
1.35

l.l6
11.26

r.69
0.00
2.60
r.73

r 8.07
1.82
2.10
0.56
5.17
3.77
0.67
6.66
4.12
4.55
0.41
2.69

3.77
9.50
8.20

.4.95

41.94
13.61

2.81
6.30

2.90
4.14
1.96
1.80
2.65

3.45
1.55
l.l6
r.39
0.56
4.93
3.59

r6.57
2.78
4.90
3.47
6.1r
1.76
6.88
4.42
5.36
4.68
4.35
2.3r
0.68
3.47

11.26

2.8r
3.&
260
4.05
9.M
8.38
3.38
1.13

5.13
1.89

r.33
0.61

1.03

l.5l
0.00
1.61

2.15
r.60
r.09
r.r0
1.61

l.r 8

t.&
r.00

60.r4
47.93
47.06
56.29
48.34
55.75
24.24
56.98
6l.l I
56.50
58.45
55.09
17.71

36.61
42.66
53.76
36.24
51.76
35.62
52.49
36.31
48.54
32.30
59.54
52.03
41.40
41.06
56.18
55.15
49.35

50.87
24.70
35.20
41.97
62.71
35.90
54.09
61.33
4{t.4ti
31.96
42.05
42.72
43.01
41.93

37.40
54.&
44.51

r7.20
26.63
41.13
40.80

1.25
5.92
4.5u
5.99
3.91
5.11
4.48
4.65

6.25
4.52
5.63
2.40
5.14
2.22
4.90
4.05
3.36
4.11

6.25
,4.91

6.55
7.02

12.42
8.61
6.16
4.62
1.95
5.62
5.45
9.09
5.78
9.04
7.82

13.51

2.26
9.62
J.t I
t.J-t
3.03
9.28

12.50
r4.55
6.99
9.14
7.40

r0.93
12.&
10.22
r7.16
7.3tt
6.tt0

0.00
4.73
0.65
3.59
0.00
2.81
8.22
2.9r
2.08
4.52
2.82
5.99
4.00
4.44
3.50
3.47
5.37
2.35
2.50
4.42
2.98
5'.26

4.35
0.58
5.41

4.05
4.&
4.49
3.&
2.60
2.3r

17.47

6.15
4.05
2.26
7.05
1.89

2.61
0.61

0.00
0.00
0.00
0.00
0.00
0.50
2.19
0.55
3.22
4.14
0.00
0.00

13.77
12.43

14.38
10.78
r7.22
13.79
5.7r

13.95

15.91
22.60

7.15
19.16
t.t4

r7.22
6.29

2r.97
7.38

14.71

6.25
14.36
4.17

14.62
6.2r

18.50
7.43

30.&
5.96

23.60
25.45

5.84
24.28

5.42
25.14
9.46

20.90
7.69

2r.38
14.00
r0.91
7.22

15.15
19.12
16.67
15.59
14.10
14.21

3.51
4.84
7.10

r6.39
ltt.00

15.94
20.7r
28.10
20.96
27.8r
r7.24
43.57
19.19
11.81

r0.13
16.90
11.38

40.57
30.00
36.36
12.72

36.9r
22.35

31.50
17.r3
41.01
14.62
28.57

9.83
26.35

8.67
17.88

5'.62

6.67
21.92
r0.98
r6.21
9.50

18.92
10.17
28.85
13.21

12.61
29.70
46.39
aA aALA.LA

22.54
29.03
a1 A.'

28.90
8.14

18.68
20.91
30.r8
24.59
21.20
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Table 1- (continued).

SAMPLE ZIRCON SPI{ENE AMPHIBOLE EPIDOTE STAUROLITE PYROXEM GARNET

103

G3
G4
G35
G36
G39
G40
G57
c60
G6l
G62
G&
G66
G67
G73
G74
G7s
G76
G78
G28
G33
G43
G47
G48
G51
G53
G68
G77
G79
G82
G86
G87
G89
G93
G95
G98
G101

2.30
4.90
3.44
3.00
5.00
5.70
5.90
r.69
2.60
3.49
5.00
3.85

17.10
4.90
6.50

29.7r
r7.30
55.4 I
2.20
3.20
3.50
3.40
8.60
9.04
1.50
8.50

11.34
13.10
30.60
12.30
25.83
4.28

31.60
r2.74
31.60

1.80

0.90
1.00
2.59
2.63
0.50
0.50
1.00
0.42
2.16
0.50
2.W
1.92
0.37
2.86
0.44
0.85
2.00
0.42
0.90
0.90
0.40
r.40
0.00
1.13

0.00
1.00
2.57
r.40
1.60
r.90
1.10
2.r4
0.00
t.r2
r.00
0.00

45.60
43.80
49.57
42.r0
43.30
42.40
43.30
50.2r
45.89
60.70
52.00
38.46
48.33
43.26
48.92
30'.r2
34.20
2333
52.60
42.30
43,50
45.70

34.40
46.89
49.50
58.50
50.00
50.50
25.90
41.50
34.07
5r.70
27.70
4t.20
18.10
46.10

1r.20
9.40
7.76
8.27

10.90
10.90
6.90
8.01

11.25

8.95
8.50
7.69
3.72
9.39
6.06
5.44

11.40
7.20
9.20

l1.70
13.00
8.60
8.10
7,34

12.60
15.00
12.37
10.20
6.70
9.40
8.24
8.11

3.03
7.49
9.80

16.00

0.00
0.00
0.43
0.00
0.50
1.00
0.00
0.00
0.43
0.99
0.50
0.96
0.74
0.41
0.86
2.09
0.00
4.24
0.90
0.40
0.90
0.50
0.50
1.13

0.50
0.00
3.10
1.00
1.60
2.40
2.20
2.56
3.03
4.r2
1.00
0.50

r7.20
t7;to
rI.&
12.42
11.40
12.90
11.80
18.57
15.59
tr44
14.50
16.83
13.38
17.96
tt.25
8;79

16.30
6.36
8.80
8.r0

17.80
13.00
9.60
5.66

r2.r0
4.50
3.10
7.80
3.60

10.40

3.84
11.97
4.74
4.87
6.70

13.20

22.80
23.20
24.57
31.58
28.40
26.70
31.00
2I.IO
22.48
13.93
17.50
30.29
16.36
2t.22
25.97
23.00
18.80
24.58
25.40
33.30
20.90
27.40
37.80
28.81
23.84
12.50
17.52
16.00
30.00
22.20
24.72
19.24
29.90
28.46
31.60
22.30
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Table2. Location and sample composition in terms of fac[ors for the 3-factor solution; negative values were converted to zero
before contouring. Factor composition sums may not equal 100 because of rounding.

SAMPLE LATITUDE LONGITUDE FACTOR I FACTOR II FACTOR III

r39
140

t4r
t42
143

r44
145
r46
r47
148

t49
150

l5l
r52
153

154
155

156

r57
158

r59
160

161

r62
163

I&
165

r66
168

169
r70
t7l
r72
r73
r74
175
t76
r77
G30
G34
G41
G45
G49
G58
G59
G65
G71
G84
Gl00
GI

37.06.8
37.06.0
37.05.7
37.M.9
37.04.0
37.05.0
37.O3.9

37.M.7
36.56.4
36.ss.6
36.s6.6
36.57.4
36.58.5
36.59.4
37.00.3
37.0r.2
37.02.0
37.02.9
37.02.8
37.0r.9
37.01.0
37.00.0
36.59.0
36.58.1
36.57.r
36.56.2
36.55.2
36,57.2
36.59.0
36.59.7
37.W.4
37.0r.2
37.01.8
37.02.5
37.03.4
37.04.2
37.05.3
37.05.0
37.26.&
37.22.&
37.06.56
37.08.46
37.13.68
37.N.49
36.55.63
36.51.15
36.44.4r
36.34.r0
36.41.05
37.03.03

75.58.5
75.58.8
76.00.2
75.59.2
75.58.9
75.58.2
75.57.r
75.s6.9
76.02.6
75.59.5
75.59.3
75.59.0
75.58.6
75.58.4
75.58.2
75.57.8
75.57.6
75.57.3
76.00.1
76.N.9
76.01.8
76.02.6
76.03.4
76.U.2
76.05.1
76.06.0
76.06.8
76.09.0
76.10.8
76.09.2
76.07.9
76.M.4
76.05.1
76.03.7
76.02.r
76.W.7
76.02.2
76.43.6
75.36.13
75.38.84
75.47.70
75.44.32
75.42.8r
75.53.23
75.52.89
75.54.85
't5.5r.5r

75.48.t6
75.47.94
75.5r.69

78
62
55
68
59

73

T2

72
83

86
7I
82

0
44
40
82
JJ

65
3r
7T

28
70
33

87

58
89
52
93

94
53

83

34
7l
63

89
40
79
82
51

2l
54
62
52
52
43

77
63
tz
25
59

a

7
2
-1

-4
I

11

0
1

0
5

4
30
10

-2
0
a
J

2
5

J
2

ll
24

0
0
2

24
4

0
2
J

51

22
6
0

11

6
0
8

2
8

0
I
4

t6
t7
10

88
30
2

25
32
43
J5
46
26
78
29
r6
13

24
T4

70
46
62
l8
&
34
&
26
70
19

43
l3
42
10

24
J

7

45
I4
15

7
3l
t2
49
l5
18

4l
77
38
39
+t
44
4l

5
27
0

45
38
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Table 2. (continued).

SAMPLE LATITUDE LONGITUDE FACTOR I FACTOR II FACTOR III

G2
G3
G4
G35
G36
G39
G40
G57
G60
G61
G62
Gg
G66
G67
G73
G74
G75
G76
G78
G28
G33
G43
G47
G48
G51
G53
G68
G77
G79
G82
G86
G87
G89
G93
G95
G98
G10l

37.03.55
37.05.99
37.07.85
37.07.22
37.A7.90
37.07.30
37.06.97
37.03.10
36.55.60
36.53.16
36.52.8r
36.51.56
36.49.52
36.48.51
36.44.82
36.45.26
36.41.88
36.40.31
36.37.99
37.26.01
37.23.45
37.07.91
37.r0.3r
37.13.09
37.16.37
3',1.r7.95

36.43.16
36.38.42
36.34.72
36.34.36
36.32.70
36.33.r7
36.33.42
36.39.38
36.39.82
36.40.4r
36.43.32

75.52.19
75.50.49
75.48.65
75.51.55
75.50.e
75.48.49
75.48.04
75.53.3r
75.55.39
'15.56.46

75.58.36
75.57.r8
75.55.s6
75.49.83
75.53,83
75.56.16
75.52.33
75.53.22
75.5439
75.33.01
75.38.55
75.4r.73
75.45.44
75.44.7r
75.$34
75.42.15
75.49.55
75.52.75
75.5r.73
75.50.05
75.46.39
75.48.56
75.49.84
75.39.29
75.4r.54
75.44.47
75.55.2r

5l
61

58
59
46
49
50
46
67
61

76
68
46
59

60
55

30
47
20
59
43
61

53

30
47

61
"70

57
60
t7
49

31

65
T9

40
08
60

9
J
8

4
2
1
I

9
I
I
J

6
8
4

31

8

9
57

JI
67

1

3

6
5

13

t4
1

t7
22
25
58
24
49

7

58
23
63

J

40
36
34
38
52
44
4L
46
32
35
18

24
49
10

32
36
13

16

l3
40
55

J5
+J
58
40
38
l3
20
l5
25
27
20
z8
23
37
28
37
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Table 3. Composition of end-members (factors) from the 3-
factor solution

as a source of garnet. Our plot of factor III (Figure 4) suggests
an influx of sediment into the bay from the inner shelf off ttre
Eastern Shore, the concentrations decreasing towards the bay.

CONCLUSIONS

The results of this study in the northern section of the bay
mouth are consistent with those of Berquist (1986) and Firek
(1975). However, the influx of sedimentinto thebayfrom the
inner shelf is not evident in the southern part of the bay mouth
especially around Cape Henry. Three end-members define
three sediment sources around the Chesapeake Bay mouth
and nearby inner continental shelf. Factor I represents a
source from inside the bay where the percent composition
decreases towards the bay mouth. Factor II shows the influ-
ence of two older sediment sources (possibly Pleistocene),
one inside the bay and the other south of the bay mouth on the
inner shelf. The gradient patterns do not suggest sediment.
transport between the inside and outside of the bay. Factor III
represents a source located !o the north, along the Eastem
Shore, and is in agreement with other studies in the northern
part of the bay mouth.

The gross sediment transport patlorns based on the min-
eral compositions shown in our work are not entirely consis-
tent with the general model of sediment transport for estuar-
ies. If our defined ftansport pathways reflect. active move-
ment of sand-sized materials, then the generalized models of
sediment transport based solely on current studies are insuf-
ficient to explain our observations. This suggests a need for
more detailed studies in sediment transport that consider
spatial variability of bottom types (roughness and sediment
composition) and flow regimes. Wright and orhers (1987)
showed that the lowerbay and inner shelfare characterizedby
appreciable spatial variability in both bottom types and ben-
thic flow regimes, which are key factors in controlling ttre
shear stress on the bottom and consequently sediment trans-
pon processes.
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FACTOR III
sample 145

64Vo arnphibole
22Vo plroxene

8Vo epidote
3Vo gamet

zEo statJtolite
l7o sphene

-.l%o zttCOn

47Vo zircon
23Vo garnet
117o amphibole
9Vo epidote
67o staurolitn
3Vo sphene
l7o plroxene

57Vo gatnet
247o arnphibole

8% epidote
57o sphene
4Vo zircon
27o stavolite
l7o plroxene

Factor II is comprised primarily of zircon, garnet, and
amphibole and is a more stable mineral assemblage. It is
important to visualize the extreme differences in gradients
along the inner shelf as well as the middle bay @igure 3). The
highest composition loading values are found south of the
bay's mouth with a small area of slightly lower values located
in the lowerbay. Factor II probably represents reworked de-
posits of Pleisoocene age.

Results of other studies compiled by Berquist (19g6)
showed that. zircon is abundant in ancient coastal plain sedi-
ments. Swift and others (1927) have shown through seismic
data and vibratory coring that older sediments are exposed on
the inner shelf commonly in the troughs of the sand ridges.
Recent seismic data provided by Hobbs (this volume) and
side-scan sonar results obtained by Green (1936) shows that
south of the bay mouth older sediments crop out in tle troughs
of sand ridges and at other places.

Some of our samples with high concentration of factor II
are located in ttre vicinity of older @leistocene?) sediments.
The high concentrations of zircon found in Firek's and
Berquist's data in samples from the lower bay can be ex-
plained by the reworking of ttre older sediments and erosion
of the nearby shoreline. Colman and others (198S) showed
that, south and westoftheChesapeakechannel, a thin layerof
modem sediment covers an irregular Tertiary surface. We
believe the two areas of high concentration are related only in
that they involve reworking of the older sediments. Gradients
do not indicate sediment transport between the two areas.

Factor III is comprised primarily of garnet, amphibole,
and some epidote and is also an unstable mineral assemblage.
FactorIII concentration gradients show trends similarto those
shown by previous srudies (Figure4). Firek and orhen (1977)
reasoned that erosion of the east side of Delmarva peninsula
(a source of gamet) was a source of sediment to thebay mouttr
province. Berquist's (1986) factor III was comprised of the
same components (gamet, amphibole, and epidote) as our
factor III. Goodwin and Thomas (1973) studied rhe 0- ro-4 phi
(1.00 to 0.0625mm) fraction and found high concenrrarions
of gamet, hornblende, and epidote on the shelf between As-
sateague Island and the Chesapeake Bay mouth. Studies done
by Swift and others (1971) also support the idea of the shelf

FACTOR I
sample 166

FACTOR II
sample G84
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ABSTRACT

Major oxide, multi-element and electron-probe point-
count analyses were made on the magnetic fractions of eight
samples and on 34 bulk samples from 390 offshore heavy-
mineral samples. The results of the analyses were tabulated
without interpretation.

INTRODUCTION

Gross mineralogic compositions of heavy minerals were
determined by optical examination of 390 samples acquired
from the continental shelf off Virginia and the entrance !o the

Chesapeake Bay (Berquist and others, 1990). From these

samples geochemical analyses were made on t}te magnetic

fractions of eight samples and on 34 bulk samples (Figures 1

and 2) to enhance the description of offshore minerals.

Location coordinates and optically determined compositions
of the samples are found in Berquist and others (1990).

Anomalously high concentrations of certain elements may

indicate optically overlooked, rare, and economically impor-
tant minerals; for example, anomalously high concentrations

of the rare-earth element yttrium could indicate the presence

of the mineral xenotime.
The analytic scheme developed not only provides chemi-

cal data but also permits comparison of element concentration

with mineralogic composition. Although the opportunities
for finding composition-chemical relationships in the data by
statistical or mathematical methods is reco gnized, ttre chemi-

cal results are presented without interpretation.
Two analytical methods were both used on two groups of

samples. Bulk samples and magnetically separated fractions

of Uulk samples were selected to be analyzed by "standard"

rVirginia Department of Mines, Minerals and Energy, Division of Mineral Resources, Charlottesville,Ytrginia 22943



r10 VIRGINIA DIVISION OF MINERAL RESOURCES

STA O94
a

n8utlcll nlles
o5t0Fr-+-t
05t0t520

kl lonetenr

7:',r
) octz

c6
o

10

a

o

GRAB SAMPLE

VIBRACORE

STA 05,1
a

t4D _---- -

vA '$bT
ln 76e 0o'

Figure 1. Location of offshore samples.
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multi-element (and major-oxide composition) methods and

by point-counting with an electron probe. Table I shows the

selected samples and the applied procedures.

Figure 2. lncation of land samples; lop map - Emporia 7.5-
minute quadrangle; bottom map - Cherry Hill 7'5-minute
quadrangle.

SAMPLE SELECTION

A brief explanation of the method used to (label) differ-
ent bulk and magnetic fractions of samples is given here

although the method is described in detail by Grosz and others
( 1990). The heavy minerals recovered from the processing of
sediment samples were divided into three portions. A 12.5

percent portion designated for analytical analysis had the

sample identification number suffixed by "-AA". Another
12.5 percentportion was archived and labeled with the suffix
" -209";this means the" -AA" and "-209" identify replicates of
the same sample, as listed in the Appendices. The remaining
75 percent of the recovered heavy minerals were split into six

Table 1. Selected samples and applied procedures. The
"7051:' series samples arb from an ecqlgqlq mineralde^posit
on land (Berquist, i98Z). Samples "85"-"STA-54" and "STA-
94" arebffstrbre grab samples. 1 = multi-element and major
oxides, 2 = probe point-count.

BULKSAMPLE

l2

MAGNETIC FRACTIONS
OFSAMPLE

c2-l
c3-z
cr-3
c63
c8-2

x
x
x
xx

cr0-3
C10.4

c114
ct?-3
c124

x
x
x
x
x

c14-3
cl44
cl1-2
cr?-4
c17-5

x
x
x
x
x

cfi-3
c?9-1

c32-3

c37-1

c43-3

x
x
x
x
x

CA4.L

H01-1

H0r-2
H01-3

1091-1

xx
x

xx
xx
xx

xx
xx

rr3Ll
113+1

rr!+2
113G1

705r-3

x
x
x
x
x

?051-6

sTA-54
sTA-94
85

x
x
x
x

x
x

x

magnetic fractions based on mineral magnetic susceptibility;

sample flabel) suffixes ranged from" -203" for the most

magnetic fraction to" -208" for the least magnetic fraction.

Several criteriaguided ttre selecdon of samples foranaly-
sis. Representative,coverage over the entire inner continen-

tal shelf was desired. Because economic potential is normally
based on core data, most of the selected samples are from

vibracores identified as containing economic concentrations

of minerals (Berquist and others, 1990, Appendix V). An-
other requirement wals that there be enough material to ana-

lyze Qd grams of sample was needed for multi-element

analysis). Many samples could not be tested because we

recovered less than 20 grams of heavy minerals. Three grab

samples were chosen as well as sections comprising one entire
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APPENDIX V

ELECTRON PROBE POINT.COI.JNT ANALYSIS OF BULK SAMPLES

The definition of mineral abbreviations are: LCX = leucoxene; SCND IL = secondarY ilmenite; MAGNTITE = magnetite;

AL SILCATE = alumino-silicate minerals (kyanite, sillimanite...); STAUR = staurolite; TOURM = tourmaline; PYROX =
pyroxene; AMPI{BOL = amphibole; KSPAR = potassium feldspar; PLAG = plagioclase feldspar; DOLMITE = dolomite;

CROMITE = chromite. Mineral concentrations are in weight percent.

SAMPLE

HILCX LOLCX
85-99Vo 65-85Vo

RUTILE TiO2 TiO2

PRI IL SCND IL
57-65Vo <57Vo

Tio2 Tio2

Ti
MAGNTITE FE
<SVoT|O" OXIDE QUARTZ

C.2-I
c- 8-2
c-29-r
c44-l

85
l09l-r
TI34-I
7051-3
7051-6
HOl-1
HOr-2
H01-3

srA-54

1.8

1.5

r.8
3.4
2.4
3.0
2.3
4.9

9.5
1.5

3.7
2.5
2.1

3.1
2.2
9.5
1.5

4.5
7.6

27.6
0.4

6.4
2.1

30.3
8.7

29.6
13.2
8.7

21.2
2'7.8

10.4

5.7
4.5

19.6

14.5

10.0
30.3

2.1

2r.r
r7.4
r7.6
II.7
24.4
15.7

2V.7

2.2

3.2
18.8

r7.5
t2.r
18.5

16.0
7.3

27.7
2.2

0.0
1.8
0.8
0.5
a.4
0.9
t.2
0.0
0.0
0.0
0.5
0.5
0.0

0.5
0.6
1.8

0.0

3.8
4.1

13.7

0.0

2.1

2.4
2.2
1.2

4.7
3.8
1.0

1.0

0.4
6.0
6.1

23.3
2.4

4.4
6.0

23.3
0.4

0.4
8.2
0.8
4.1
r.2
2.7

13.7

0.0
0.0
5.3

5.0
7.0
0.4

r.4
0.7
3.1

2.2
3.3

0.4
2.0

27.6
12.L

3.2
0.7
0.8
t.4

2.8
l.l
0.7
0.7
2.3
0.7
0.3

16.4

14.7

0.4
0.0
0.0
1.7

3.2
5.5

t6.4
0.0

AVG
STD
MAX
MIN

Appendix V, (continued)

PYROX

AI
SAMPLE ZIRCON MONAZITE SILCATE SPIML GARNET STAUR TOURM

+
AMPHBOL

c-2-r
c-8-2

c-29-r
c44-r

85
l(D1-l
rr34-r
7051-3
7051-6
H01-1
H0r-2
H01-3

srA-54

AVG
STD
MAX
MIN

20.5
12.2
36.3
0.0

7.4
4.0
4.9
2.0
8.0
1.6

9.6
22.r
23.0

6.7
5.6
3.5
9.0

8.3

6.8
23.0

1.6

1.3

0.0
0.0
0.9
0.8
0.4
0.0
0.0
0.4
0.0
0.0
0.0
0.4

0.3
0.4
1.3

0.0

t.4
1.1

0.8
1.1

1.0

l.l
0.2
1.0

1.9

0.3
0.8
0.3
1.0

0.9
0.5
r.9
0.2

13.1

14.0
7.9

13.0
6.9

12.2
13.0
0.0
0.0

13.2
t4.2
7.6

15.8

10.1

5.2
15.8

0.0

1.6

0.3
1.5

0.3
1.5

r.0
1,7

J.t
6;l
1.3

0.6
0.7
1.5

1.7

1.7

6.7
0.3

0.5
0.8
1.0

t.4
0.2
2.2
0.0
0.0
0.2
1.1

0.3
0.3
1.3

0.4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.1

0.4
0.0

28.4
33.5
19.6

36.3
8.3

30.9
12.6
0.0
0.0

25.r
30.0
24.5
r7.0

0.7
0.7
2.2
0.0
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Appendix V, (continued)

VIRGINIA DIVISION OF MINERAL RESOURCES

SAMPLE KSPAR DOLMITE APATITE EPIDOTE SPI{ENE CROMITE SUM

C.2-I
c-8-2

c-29-r
c44-r

85
1091-l
1 134-l
7051-3
7051-6
H0l-1
H}t-2
H0l-3

STA-54

AVG
STD
MAX
MIN

0.2
0.0
0.0
0.0
0.4
0.2
0.0
0.0
0.0
0.2
0.2
1.0

0.2

0.2
1.0

0.4
0.7
0.4
0.9
0.4
0.0
0.0
1.2

1.4

7.0
0.7

l.l
1.8

7.0
0.0

0.0
0.2
0.4
0.0
0.0
0.6
0.0
0.0
0.0
0.6
0.2
1.1

0.2

1.9

1.4

2.1

3.4
0.0
2.5
0.2
0.0
0.0
r.4
2.2
0.3
0.8

1.2

1.1

3.4
0.0

5.2
5.1
J.J
6.0
2.7
4.2
3.7
0.0
0.0
2.9

3.8
2.6
5.0

1.7

3.0
0.3
2.1

1.1

1.5

0.8
0.0
0.0
0.3
1.5

0.3
0.8

r.0
0.9
3.0
0.0

0.0
0.0
4.4
0.0
0.4
0.0
0.4
0.0
0.0
0.0
0.0
0.0
0.0

0.1

0.2
0.4
0.0

99.3
99.6
99.9
99.7

100.0
99.7
99.5

100.1

99.9
99.9

100.0
99.9
99.8

99.8
0.2

100.1

99.3

0.2
0.3
1.0

0.0

0.3
0.3
l.l
0.0

3.4
1.8

6.0
0.0

Appendix V, (continued)

SAMPLE OTHER MINERALS

c-2-r
c-8-2

c-29-r
c44-r

85
109r-1
tr34-l
7051-3
7051-6
H01-r
H01-2
H01-3

srA-54

.4 7o XENOTIME, .2Vo MUSCOVITE

.37o BIOTITE

.27O MUSCOVITE

.37o OLIVENE

.27o MUSCOVITE
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APPENDIX VI

ELECTRON PROBE POINT.COUNT ANALYSIS OF MAGNETIC FRACTIONS

Mineral abbreviations are explained in Appendix V.

r21

SAMPLE RUTILE

HILCX
85-99Vo

riq
LO LCX
65-85Vo

Tio2

PRI IL
57-654o

Ti02

SCND IL Ti
<577o MAGNTITE
TiO2 <SVoTiO,

FE
OXIDE QUARTZ

8-2-203 0.0
-204 0.0
-20s 0.0
-206 9.7
-207 22.9
-208 7.0

29-r-203 0.0
204 0.0
-205 0.0
-206 5.3
-207 29.4
-208 r3.2

85-203 0.0
-204 0.0
-205 1.1

-206 3.2
-207 44.4
-208 0.0

rr34-r-203 0.0
204 0.0
-205 1.6

-206 7.5
-207 25.r
-208 8.9

H0r-2-203 0.0
-2M 0.0
-205 0.8
-206 3.8
-207 r9.9
-208 4.8

H01-3-203 0.0
204 0.0
-205 0.0
-206 1.3

-207 7.r
-208 1.0

AVG 6.I
STD IO.2
MAX 44.4
MIN O.O

0.3
0.4
0.9
6.2
2.0
OA
0.0
0.0
1.1

5.2
5.1

0.0
0.0
0.6
1.4

6.7
2.2

r0.7
0.0
0.7
2.0
6.9
1.5

0.0
0.0
0.7
0.8
3.3

4.0
0.0
0.3
0.3
0,0
0.9
3.9
0.0

r.9
2.6

r0.7
0.0

0.0
0.7
0.4
0.8
0.0
0.0
0.8
2.7
7.9
3.6
0.0
0.0
0.3
0.9
3.2
2.4
0.0
0.0
0.0
2.3
2.0
0.8
0.0
0.0
0.6
1.0

t.7
0.8
0.0
0.0
0.3
t.7
2.3
r.7
0.4
0.0

l.l
1.6

7.9
0.0

6.9
t4.9
t.4
0.0
0.0
0.0

20.3
39.1
tt.4

1.8

0.0
0.0

42.2
53.2
30.4

0.9
0.4
0.0
2.7

14.9
0.4
0.0
0.0
0.0
8.6

r7.3
0.9
0.0
0.0
0.0

l1.0
t7.4
5.2
0.5
0.5
0.0

32.7
26.r
0.0
0.0
0.0
0.0

44.4
40.8

4.7
0.9
0.0
0.0

48.1

39.r
5.6
0.0
0.0
0.0

18.9

38.7
0.0
0.4
0.0
0.0

41.6
46.r
0.0
0.0
0.0
0.0

46.7
45.8

1.3

0.0
0.0
0.0

13.4

19.1

48.1

0.0

1.1

1.8

0.0
0.0
0.0
0.0
2.4
2.6
0.0
0.0
0.0
0.0
0.0
0.4
0.0
0.0
0.0
0.0
6.8
4.9
0.0
0.0
0.0
0.0
2,5
3.3

0.0
0.0
0.0
0.0
2.4
0.8
0.0
0.0
0.0
0.0

0.8
1.6

6.8
0.0

49.3

5.3

0.0
0.0
0.0
0.0

27.3
0.0
0.0
0.0
0.0
0.0
8.7
0.0
0.0
0.0
0.0
0.0

69.9
2.r
0.5
0.0
0.0
0.0

44.3

2.4
0.5
0.0
0.0
0.0

37.r
2.1
0.5
0.0
0.0
0.0

6.9
16.7

69.9
0.0

0.0
0.2
1.1

5.8
4.3

10.3

0.0
0.4
0.7
2.0
7.0
8.1

0.2
0.4
0.7
1.5

7.7
22.0

0.2
0.2
0.8
4.7
4.5
2.7

0.0
0.6
0.0
4.5
9.9

36.0
0.4
1.3

0;1
r.9

23.8
54.4

6.t
11.3

54.4
0.0

8.4
13.5

53.2
0.0
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Appendix VI, (continued)

VIRGINIA DIVISION OF MINERAL RESOURCES

PYROX
Al+

SAMPLE ZIRCON MONAZITE SILCATE SPINEL GARNET STAUR TOURM AMPHBOL

8-2-203 0.3
-2U 0.0
-205 0.5
-206 r.4
-207 6.0
-208 39.9

29-r-203 0.0
-2M 1.0
-205 0.4
-206 2.6
-207 4.4
-208 58.4

85-203 0.0
-204 1.3

-205 3.1
-206. 2.2
-207 ll.0
-208 54.4

rr34-r-203 0.3
-2U 0.0
-205 4.8
-206 2.5
-207 14.6
-208 72.2

H0L-2-203 0.0
-2M 0.0
-205 r.4
-206 0.9
-207 3.0
-208 27.9

H01-3-203 0.0
-2M 0.0
-205 0.4
-206 0.0
-201 2.9
-208 rr.t

AVG 9.2
STD T8.2

MAX 72.2
MIN O.O

0.0
0.0
1.0

1.0

0.0
0.0
0.0
0.0
0.0
1.9

0.9
0.0
0.0
0.0
1.7

8.1

1.4

0.0
0.0
0.0
3.4
2.8
0.5
0.0
0.0
0.0
1.0

4.0
0.0
0.0
0.0
0.0
0.0
1.0

1.1

0.0

0.8
1.6

8.1

0.0

0.0
0.0
0.3
0.6
3.0
4.9
0.0
0.0
0.0
0.0
Aa+.L
8.8

0.0
0.2
0.3
0.0
6.3
8.4

0.0
0.0
0.3
0.9
z.)
2.7
0.0
0.3
0.0
0.0
1.8

4.8
0.0
0.0
0.0
0.0
0.0
l.l

t.4
2.4
8.8

0.0

0.3
0.0
0.0
0.0
0.7
0.0
0.0
0.0
0.0
0.4
0.0
0.0
0.0
0.0
0.0
0.0
0.3

0.0
0.0
0.0
0.0
0.0
0.4
0.0
0.3
0.0
0.0
0.0
0.0
0.0
0.3
0.0
0.0
0.0
0.0
0.0

1.8

6.8
0.0
0.0
0.0
0.0
0.3
4.2
7.6
2.0
0.0
0.3
0.0
0.6

12.9

0.8
0.0
0.0
0.0
9.3
4.8
0.4
0.0
0.0
0.0
7.9
9.5
0.4
0.0
0.0
0.3
4.7

12.8

t.7
0.0
0.0

0.0
0.0
0.8
0.0
0.0
0.0
0.0
0.0
4.7
7.4
0.0
0.0
0.0
0.0
2.8

1t.t
0.0
0.0
0.0
0.3
4.9
0.7
0.0
0.0
0.0
0.0
1.5

3.6
0.0
0.0
0.0
0.6
2.4

3.0
0.8
0.0

1.2

2.4
1t.l
0.0

0.0
0.0
2.2
2.4
0.0
0.0
0.0
0.0
2.0

10.3

2.9
0.0
0.0
0.0
0.3
6.1

1.1

0.3
0.0
0.0
2.7
t.4
0.5
0.0
0.0
0.7
1.5

).t
1.5

0.0
0.0
0.2
0.0
r.6
r.9
0.0

1.2

2.1

10.3

0.0

6.9
42.5
11 1

4I.T
r5.8
2.6
2.6

9.0
44.9
26.7
18.3

1.3

0.2
3.0

31.3
33.9
12.8

1.1

0.4
25.6
58.5
39.r
16.7

0.2
1.5

19.1

73.7
42.2
2r.5
0.3
0.9

24.2
't0.7

67.0
22.6

0.7

23.8
23.5
77.4

0.2

2.5
3.9

12.9

0.0

0.1

0.2
0.7
0.0
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Appendix VI, (continued)

SAMPLE KSPAR PLAG DOLMITE APATITE EPIDOTE SPHENE CROMITE SUM

8-2-203 0.0
-2M 0.0
-205 0.0
-246 0.0
-207 0.0
-208 0.0

29-r-203 0.0
-2M 0.0
-205 0.0
-206 0.0
-20'7 0.9
-208 0.4

85-203 0.0
-204 0.0
-205 0.0
-206 0.2
-207 0.7
-208 1.6

tL34-r-203 0.0
-2M 0.0
-205 0.2
-206 0.2
-207 0.5
-208 0.6

H0r-2-203 0.0
-204 0.0
-205 0.0
-206 0.0
-20't 0.0
-208 4.2

H01-3-203 0.0
-2M 0.2
-205 0.0
-206 0.8
-201 1.1

-208 4.8

0.0
0.0
1.1

3.4
0.3
2.4
0.2
0.0
0.5
0.5
0.9
0,7
0.0
0.0
0.0
0.5
t.7
0.2
0.0
0.0
0.0
0.7
1.0

0.4
0.2
0.0
0.0
1.3

2.3

8.2
0.2
0.2
0.0
2.2
6.7

17.8

1.5

3.3

17.8

0.0

0.0
0.0
0.0
0.7
1.6

0.7
0.0
0.0
0.0
0.0
2.1

2.8

0.0
0.0
0.0
0.0
0.0
0.4
0.0
0.0
0.0
0.2
0.2
0.4
0.0
0.0
0.0
0.0
0.5
1.5

0.0
0.0
0.2
0.0
L.Z

2.8

0.0
0.3
0.3
1.6

r0.2
26.9
0.0
0.0
0.0
0.0
1.9

4.3

0.0
0.0
0.0
0.0
0.3
0.0
0.0
0.0
0.0
0.9
2.8
9.3
0.0
0.0
0.6
0.3
2.4

9.7
0.0
0.0
0.0
0.0
1.7

J.J

2.1

5.1

26.9
0.0

0.0
0.0

11.1

6.0
0.3
0.0
0.2
0.2

13.5

28.4
7.4
0.0
0.0
0.0
5.2

2r.7
3.0
0.0
0.2
0.3

12.0

15.9

J.J

0.3
0.0
0.3
6.0

26.8
9.0
0.0
0.0
0.3
3.1

15.5

7.1

0.0

0.5
0.6
1.4

18.0
30.1
4.9
0.0
0.0
0.6
0.6

t4:'1
1,7

0.0
0.0
0.0
0.6
6.0
0.9
0.0
0.0
0.6

13.8

26.r
2.3
0.5
0.3
0.0
3.t

23.4
aAL.1

0.2
0.0
0.3
0.3

T4.I
2.4

0.0
0.4
0.0
0.0
0.0
0.0
1.5

0.0
0.0
0.4
0.0
0.0
0.3
0.3
0.0
0.0
0.0
0.0
0.3
0.7
0.4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

100.1

100.0
99.9
98.7
97.2

100.0
100.0
100.0
100.0
100.0
100.1

100.0
100.0
100.0
100.0

99.9
99.3

100.0
99.7

100.0
99.9
99.8

100.0
100.0
100.1

100.0
99.9
99.3
99.2
99.8

100.1

99.8
99.9
99.4
96.9

100.0

99.7
0.7

100.1

96.9

4.7
8.2

30.1
0.0

5.5
7.9

284
0.0

0.4
0.8
2.8
0.0

AVG
STD
MAX
MIN

0.5
1.1

4.8
0.0

0.1

0.3
1.5

0.0
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Appendix VI, (continued)

VIRGINIA DIVISION OF MINERAL RESOURCES

SAMPLE OT}MR MINERALS

8-2-203
_2U
-205
-206
-207
-208

29-r-203
-2U
-205
_2M

-207
-208

85-203
-204
-205
-206
_207

-208
tr3/.-r-203

-2M
-205
_2M
_207

-208
IIOI-2-203

_2U
-205
-206
-247
-208

H01-3-203
_2U

-205
-206
_2W

-208

.37o OLIVENE, 17o PYRITE

.67o OLIVENE, 2.3 7o PYRITE

.4 7o CORUNDUM, .37o OLIVENE

.37o XENOTIME

.37o OLIVENE, .3Vo CN-CllE
.57o MUSCOYTTE, .37o CALCITE
.3Vo C/'J-CITE

.37o MUSCOY[{]E, .3Vo CALCITE
1.8 7o MUSCOY ITE, 1.47o CALCITE


